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THE DEPTFORD CENTRAL STATION OF THE compound, of the Corliss vertical type, built by Messrs, | being about the same. The outer tube will not be gen- 
LONDON ELECTRIC SUPPLY CORPORATION Hick, Hargreaves & Co., and have cylinders 28 in. and | erally covered. Even if it became necessary to insu- 
4 pri Saneew cli r *“: | 56 in. in diameter, and 4 ft. stroke, the working pres-} late, no danger would result from contact with the re- 
THE system adopted is that of Mr. 8. Z. De Ferranti, | sure in the boilers being 200 lb. per square inch. turn near the central station, as only the difference be- 
who is the engineer to the corporation, and under| The dynamos, which are Mr. Ferranti’s alternating | tween the potential at that point and the earth current 
whom the Grosvenor Gallery Company, now incorpor-| current machines, designed for an electromotive force | froma distant earth would be felt by any one touching 
ated with the London Electrie Supply Corpora-| of 10,000 volts and of 1,250 horse power, are very rapidly | the exterior return conductor, for the fall in voltage is 
tion, has for a long time successfully supplied about] being put together. They will each be driven by forty | only about 10 per mile. As far as danger is concerned 
33,000 lamps from the Grosvenor station. For these|5 in. ropes direct from the great fly wheel which is seen | there is, therefore, no need of fear. The insulation of 
particulars and illustrations we are indebted to the Hn-| between the engine standards. Some idea of the very 
fine character of the building may be gathered from 

































the very small part which is seen in the view, which, 
Fig. | it must be noted, is only that containing the engines, 

B B, and machines, C C, in the plan Fig. 1. The columns | | | Aa 
which divide the large engine house into two, and sup- | 

— port the line of rails upon which the big cranes run, are 

x OO marked H H inthe plan. Each of these machines, 

4 C C, is intended to supply 25,000 lights. Each of the 
rectangles marked A and A‘ on the plan shows the posi- 

A tion of combined engines and dynamos of 10,000 horse 10,000 

; power each, which are to be made and placed as the , 
i - demand arises; those marked A! will be placed first, VAAN; 
— and are now actually in the builders’ hands. The 
= space on the plan marked F is for condensers for the WY 
dead engines, and the spaces marked D D! and D" are those Fig. 3 2.400 
: at Te to be occupied by the boilers, which will ultimately be ; 
H H H erected in batteries two stories high. Only those of YAW 
re the lower story at D are at present completed, and 
a! F those at D' are nearly so. _ 
. a The columns of the buildings have been designed and 100 
oo arranged so that the framework carrying the boilers 





ean be fitted to them so as to make building and fit- 
tings all parts of one whole, just as is the case with the 
building, columns, cranes, and machinery of the other| the inner tube has been tested by a Wimshurst machine 
parts of the station. giving sparks over 10 in. in length, but it has not yet 
The unprecedentedly high electromotive force which been found that the hundreds of thousands of volts so 
is to be employed will, of course, be confined to the| obtained have any effect on the insulation. 
mains between the central station at Deptford and| The diagram Fig. 3 refers only to one distributing 
gineer. The present buildings at Deptford are design- | what are to be Known as distributing stations. Here| station, at which the electromotive force falls from 
ed to contain engines and boilers of 43,000 horse power, | will be the transformers, which are also Mr. Ferranti’s | 10,000 to 2,400. From the latter are led wires which 
ground being reserved for 80,000 more when wanted. | design. These transformers will convert the 10,000 volt | connect with the house transformers which reduce it to 
The main building covers an area of 210 ft. by 195 ft., | current to a 2,400 volt current, and this will be suppli- | 100. The 10,000 volts thus only pass from the dynamos 
which is divided into a splendid pair of engine and ma-j ed to the transformers in the buildings of the users of | to the distributing stations, wh eannot by any means 
chine houses, each 195 ft. by 66 ft., covered by roofs de-| the light. This may be illustrated by the accompany-| affect anything beyond them. No difficulties which 
signed by Mr. Max am Ende, the ridges being 100 ft. | ing diagram, Fig. 3, in which the circle on the left hand | cannot be surmounted, and that without any note- 
above the ground ; and a pair of similar colossal boiler| represents the dynamo at the central station. The| worthy departure from the lines and details already 
houses 195 ft. in length and 70 ft. in breadth. The| center line from it represents the sending conductor, | laid down and fixed upon, are anticipated or are likely, 
reliminary arrangements are being made for 250,000/ and the two lines the return conductor, between the | although, of course, it is adinitted that the jump from 
amps, but an ultimate output is provided for in the! central and a distributing station. 2,400 volts, as used at the Grosvenor, to 10,000 volts is a 
contemplated arrangements of 2,000,000 lamps. The main conductor consists of two concentric cop- | big one, and one which is in the nature of an experi- 
The annexed outline plan gives some idea of the rela-! per tubes, the inner one being thickly coated with an| ment. Mr. Ferranti is to be most sincerely congratu- 
tive areas of the parts of the building and position of | insulating composition, and the outer one passed over | lated on the design of the Deptford buildings and ma- 
the machinery. The rectangles, B and C, Fig. 1, re-| and drawn down upon it until it is tight. The outer| chinery and apparatus, and his enterprising and cour- 
present the positions of what are called the small en-| tube, the return, is 2, in. in outside diameter and ,4|ageous departure from beaten tracks has before met 
ginesand dynamos, the erection of which is now al-| in. in thickness, and the inner tube 17; in. in diameter | with a success which we may expect to be repeated at 
most completed. These engines are 1,500 horse power ! and ¥; in.in thickness, the sectional area of the two tubes ' Deptford. 
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SOME CURIOSITIES OF MAGNETISM.* 

I PROPOSE to direct your attention this evening to a 
few points in the science of magnetism which lie alittle 
out of the beaten track, and are interesting simply as 
scientific curiosities and forthe light that they may 
tend to throw upon theory. 

I shall refer to well known facts only so far as may be 
necessary for the purpose of linking together my 
curiosities into a more or less connected story ; and 
since I wish to be perfectly intelligible to every one 
present, [ ask the indulgence of those who are well 
acquainted with the subject if I am at times somewhat 
rudimentary. 





The two most familiar pieces of apparatus, by means | . 


of which magnetic phenowena may be exhibited, are 
the magnet and the compass. An ordinary magnet is, | 
as every one knows, a bar of steel, either straight or 
bent into the form of a horseshoe, which has the pro- | 
perty of attracting and lifting small objects of iron or | 
steel. A compass consists essentially of a thin, straight 
magnet—technically called a needle—having near its | 
center a little cup, by means of which it is balanced | 
horizontally upon an upright point. 

The needle may easily be turned round in a horizon 
tal plane; but when left undisturbed it always sets 
itself in such a position that its two ends point very | 
nearly north and south. If we examine any magnet 
which has been bought at a shop, we shall probably see 
that one of its ends is marked with the letter N, or 
simply with a transverse line. This is the end which, 
if the magnet were suspended after the manner of a 
compass needle, would point toward the north. 

The marked end is generally spoken of as the north 
pole of the magnet, the other or unmarked end | 
being known as the south pole. The marked end of | 
a magnet attracts the south end of a compass needle, 
and, if not held too near, repels the north end. So, 
also, the unmarked end attracts the north-pointing end 
of the compass needle, and repels the other, 

These well known facts are expressed by saying that 
unlike poles attract, while like poles repel one another. 
A soft iron bar quite free from permanent magnetism 
attracts either end of the compass needle indifferently. 
If, however, a slight trace of magnetism be imparted 
to the bar, it will attract the two ends of the suspended 
needle with unequal forces, 

This unequal attraction affords one of the simplest 
tests for magnetization ; but it is by no means easy to 
apply such a test when we use a magnetic needle which, 
like that before you, is several inches in length. If, 
however, we use a very short magnetic needle, such as 
those‘contained in the small compasses that many of us 
carry on our watch chains, it is clear that we ean hold 
the end of our test bar an inch or so from both poles at 
the same time, and if one pole is attracted more forci- 
bly than the other, that pole will at once turn itself 
toward the bar and indicate that the bar is magnet- 
ized, and the direction of its polarity. 

Experiments made with a pocket compass could not 
be shown to an audienee, and I have therefore 
prepared a magnetic needle in such a wmwanner that, 
although it is very small—less than 'g in. long—its 
indications will be easily visible to every one present. 

The arrangement is very simple. Instead of being 
pivoted in the usual way, this little needle is suspended 
by a fiber of unspun silk, and it has attached toita 
small circular mirror, which reflects a beam of light 
upon a large graduated seale attached to the wall. 
The movements of the spot of light upon the seale 
correspond with the movements of the little magnetic 
needle, and they not only indicate the direction in 
which the needle is deflected, but also provide us with 
the means of measuring its deflections. 

This delicate apparatus, which we will call a ** mag- 
netometer,” shows us that. almost every piece of iron 
or steel possesses magnetic polarity. A knife, a pair 
of scissors, a door key, none of which have been inten- 
tionally magnetized, al] cause the spot of light to be 
deflected either to the right or to the left, according to 
the end which is preoented to the magnetometer. But 
I have herea short bar of soft iron which has been 
treated in such a manneras to destroy every trace of 
its permanent magnetism, and since its treatment it | 
has been carefully guarded from accidental magnetic 
influences. 

One end of the bar has been painted red ; this is | 
merely for convenience of reference, and is not intend- | 
ed to denote any magnetic difference whatever between 
the twoends. Holding this bar quite horizontally and | 
in an east and west direction, I present one of its ends | 
—say the red one—-to the magnetometer. | 

If this is done carefully, no material deflection results. | 
The spot of light remains almost steady. But if I dis- 
turb the east and west position of the bar by turning 
its black end a little to the south, the spot of light is 
immediately deflected toward the left, indieating that 
the bar has become magnetized, and that its red end is 
a north pole. Restoring it to its first position, the 
magnetism disappears. Turning the black end toward 
the north, we find that the spot of light now moves to 
the right, showing that the red end of the bar has be- 
come a south pole. 

Again, if while preserving the east and west position 
we tilt the black end upward, we observe a violent de 
flection of the spot of light to theleft Lowering the 
black end, the spot moves with equal energy toward 
the right. ‘These effects are produced by the magnetic 
force due to the magnetism of the earth itself. This is 
the foree which directs the compass needle. [t has. at 
any given place, a definite direction and a definite 
intensity. 

The direction of the earth’s magnetic force at any 
point in this room is, roughly speaking, from south to 
north, at an inclination of 67 tothe horizon. Its inten- 
sity is equal to a little less than half a unit on the sys- 
tem of measurement generally adopted. 

It is impossible on this occasion to go fully into the 
question of units, and it must be sufficient to say that 
in a field of unit intensity a unit pole is acted upon by 
a foree of one dyne. It will, however, assist in the 
formation of definite ideas if we remember that the 
intensity of aunit fleld of magnetic force is equal to 
about twice the total intensity of the magnetic field 
due to the earth. 

Now, the earth’s total magnetic force, the direction of | 
which is inclined at an angle of 67° to the horizon, may 

; } 


be considered as the resultant of two other forces, viz., | 











* Lecture delivered at the London Iustitution, on Feb, Li, 1389, by | 
Shelford Bidwell, F.R.8, 
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a vertical force acting downward toward the center of 
the earth and a horizontal force acting from south to 
north. The intensity of the horizontal component is, 
again in round numbers, about one-fifth of a unit, 
while that of the vertical component is about two-fifths 
of a unit. 

There is a convenient way, based upon a conception 
of Faraday’s, of forminga mental representation of a 
field of magnetic force. The whole of the space in 
which the force acts is supposed to contain certain so- 
called lines of foree, which we may picture to ourselves 
as ordinary physical lines. The direction in which the 
force acts is indicated naturally enough by the direc- 
ion of the lines, while the intensity of the field is re- 
presented by the number of lines traversing a given 
space. 

Ina field of unit intensity these lines are supposed to 
be exactly one centimeter apart, so that if an imagin- 
ary flat surface were held transversely to the direction 
of the lines of force, then one line would pass through 
each square centimeter of the surface. In a weaker 
field the lines would be further apart ; in a stronger 
one they would be packed more closely together. The 
earth’s total field is, as I have said, of about half the 
unit intensity; there is, therefore, only one line to 
every two square centimeters of a transverse surface. 
It must not, of course, be supposed that such lines 


have an actual existence distinct from the surround- | 


ing space, or that the magnetic force is in any way 
concentrated upon them. The conception isa —— 
artificial one, and, in spite of certain objections which 
may be urged against its adoption, it is found exceed- 
ingly convenient in imparting definiteness to one’s 
ideas and in assisting calculations. 

When a bar of iron is held in a magnetic field in sucha 
manner that lines of force pass through its length, the 
bar is magnetized longitudinally, the end at which the 
lines enter becoming a south pole and that at which 
they leave a north pole. The effect of the earth’s field 
is, of course, greatest when the bar is held at an angle 
of 67° to the horizon, its ends being at the same time 
directed toward the north and south. 

The longitudinal effect disappears altogether when 


so Fig 


1Soo B-uH 














j50 
ccs 
a A —_— 
Jo 109 
Curve of PERMEABILITY 
H 
deot4 Fig, 2 
Rowand § 
Zoo Curve 
tooo 
X 
oO. Sooo 10000 


15900 ¢ A000 
B 


the bar is horizontal, and its ends point east and west, 
for then no portion of the lines of force or of their verti- 
eal and horizontal components can traverse its length. 
But the mere fact of lines of force running through a 
thing does not necessarily develop sensible magnetic 
properties in it. 

If we hold arod of glass or of wood in a magnetic 
field, lines of force will pass through it; yet such a rod 
does not thereby acquire the power of attracting or 
repelling the pole of a compass needle. The fact is 
that iron, and in a less degree a few other metals, 
possess the remarkable property of multiplying the 
— that would naturally fill the space occupied by 
them. 

A long and thin iron rod placed in the earth’s magnetic 
field will not merely be traversed by half a line of force 
for each square centimeter of its section, as a glass rod 
would be. The half line will be multiplied something 
like 400 times, raising the actual number of lines going 
through the rod to about 200 per square centimeter. 

It is these lines, emerging from one end of the rod, re- 
entering at the other end, that act upon magnetic poles 
in the neighborhood and cause the observed attractions 
and repulsions. By means of electric currents it is easy 
to produce magnetic fields having a far higher intensity 
than that of the earth. Here is a brass tube on which 
are wound several hundred convolutions of eotton-cov- 
ered copper wire. When the current from a battery of 
Grove’s cells is caused to cireulate through the wire, a 
magnetic field is generated inside the tube, the intens- 
ity of which is about 300 units. A rod of iron placed 
inside the tube is traversed by perhaps as many as 
18,000 lines per square centimeter. 

Although this is a very large number, you will re- 


|mark that it is smallerin,proportion than was obtained 


when the magnetic field of the earth alone was em- 
ployed. In that case a field of half a line to the centi- 
meter was found to induce 200 lines in the iron, the 


| multiplying power being 400. But with an external 


field of 300 the multiplying power is only about 60—a 
very considerable falling off. 

It is usual to denote the number of lines per square 
centimeter in the magnetic field by the letter H, and 
those induced in the iron by B, while the multiplier is 
indicated by the Greek letter“. We may therefore 
write B= H. B is commonly spoken of as the “* mag- 
netic induction” and 4 as the *‘ permeability.” It used 
to be supposed that, except for high values of the mag- 
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netizing force, the permeability, 4“, was practically a 
constant for the same specimen of metal. 

We have already seen that this is by no means the 
case, and how very far it is from being so is clearly 
shown by the diagram, Fig. 1, in which horizontal dis- 
tances represent the magnetic force, H, and vertical 
ordinates the corresponding values of « for an average 
specimen of soft wrought iron. 

It will be remarked that, as the magnetizing force in- 
creases from the smaliest values, the permeability at 
first rises with enormous rapidity, attaining in a field 
of 3 or 4 units a maximum value of more than 2,000. 

Then it falls again, rapidly at first and afterward 
more slowly, until, with a field of 100 lines to the centi- 
meter, the permeability is nomorethan 150. It is clear 
that within the limits of this diagram the lowest possi- 
ble value has not been reached, and it is a matter of 
very great scientific interest to inquire what, if any, 
would be the ultimate permeability with an indefinite- 
ly strong field ; or, in other words, to find an answer to 
the question, What is the greatest possible number of 
lines per centimeter that can be induced in a piece of 
iron, if indeed there be any limit at all? 

To this problem Prof. Rowland, of the United 
States, applied himself fifteen years ago, and he be- 
lieved that by a novel method of plotting his experi- 
mental results he had succeeded in solving it. 

Instead of plotting values of u against those of H 
simply, as is done in Fig. 1, he constructed some curves 
in which # was plotted against the magnetic induction 
B, that is to say, against H multiplied by wz. 

One of these curves is shown by the black line in Fig. 
2. Like the former one, it begins with an ascent, 
reaches a maximum, and then falls with tolerable regu- 
arity. From data obtained by actual experiment, 
this curve was carried as far asthe point marked X, be- 
fore reaching which it had apparently become an al- 
most perfectly straight line. Rowland therefore as- 
sumed that it would continue to be straight until it 
met the horizontal axis at a point which would give the 
greatest possible value of B for an infinite magnetic 
force. 

He was thus led to believe that for iron the maxi- 
mum of magnetic induction (7. ¢., the greatest possible 
number of lines per centimeter which could pass 
through it) was about 17,000 or 18,000. Rowland’s con- 
clusion, or what has been regarded as its equivalent, is 
given in almost every text book of electricity and mag- 
netism which has since been published, and it seems, 
in spite of its apparent anomaly, to have been gener- 
ally accepted as correct. 

Unfortunately, however, Rowland did not carry his 
experiments quite far enough. He left off with the 
comparatively weak magnetic field of 65 units, which 
induced in his iron the 16,500 lines per centimeter cor- 
responding to the point Xin thecurve. If he had gone 
a little further he would have found that the curve, in- 
stead of continuing to fali, as he assumed, in a straight 
line to the point C, would bend aside in the manner 
shown by the dotted line in the diagram, ultimately 
becoming almost parallel to the horizontal axis. 

This dotted line represents the results of some ex- 
periments in which the magnetic field was carried up 
to 585 units.* The corresponding wagnetie induction 
was found to be about 20,000, exceeding by 2,000 the 
number which Rowland thought would be the greatest 
possible with a magnetic field of infinite intensity, and 
even then there were no indications that any limit was 
being approached. 

In some recent researches by Prof. Ewing, an account 
of which was communicated to the Royal Society last 
November, these values have been enormously exceed- 
ed. Prof. Ewing succeeded in producing a magnetic 
field of no less than 24,000, and a piece of wronght iron 
in this field was found to be traversed by 45,300 lines 
per centimeter of section. 

From the general character of his results, Ewing con- 
cludes that there is no limit whatever to the degree to 
which magnetic induction may be raised, and there 
ean be no doubt that he is nght. But it appears from 
other experiments described in the same paper that, 
after all, Rowland was not entirely wrong. 

In a modified form, and subject to a little revision 
of the figures, his proposition turns out to be substan- 
tially correct. For while it is no doubt true that the 
number of magnetic lines which can conceivably be 
made to run through a piece of iron is infinite, we learn 
from Ewing’s experiments that the number of new 
lines in excess of those contained in the magnetic field 
before the iron was placed there has a very definite 
limit. 

This limit for the piece of wrought iron which he used 
appears to have been about 21,000, and it was practica!- 
ly reached with an external field of 2,000. For this 
sample of iron we may therefore say that in fields of 
2,000 and upward B= H+21,000. In a field of 2,000 the 
induction would be 23,000; in a field of a million it 
would be a million and 21,006; but in either case the 
number of lines due solely to the presence of the iron 
would equally be 21,000. This important result may 
be expressed by saying that magnetic saturation is 
practically reached in a field of 2,000 units. 

I have said that a unit line of force urges a unit north 
pole in a definite direction with a force of one dyne. 
A unit south pole would be urged with the same force 
in exactly the opposite direction. Now, every magnet- 
ized bar or needle has north and south poles of equal 
strength. When, therefore, such a bar is placed ina 
uniform field, its two ends are acted upon by equal and 
opposite forees. Thus the bar has no tendeney to 
move bodily through space ; it will merely set itself, if 
free to do so, with its length parallel to the direction 
of the magnetie force. 

This fact is frequently illustrated by floating a cork 
with a magnetized needle attached to it in a basin of 
water. The needle, after a few oscillations, comes to 
rest in anorth and south position; but it exhibits no ten- 
deney to move as a whole, either toward the north side 
or the south side of the basin. For the horizontal com- 
ponent of the earth’s force is sensibly identical at both 
ends of the needle, and while at one end the needle is 
pulled toward the north, at the other end it is equally 

ulled southward. But although the earth’s force may 
be regarded as quite uniform throughout a compara 
tively small space, such as this room, it is not so over 
the whole surface of the earth. 

The horizontal force is. for instance, about 10 per 
cent. greater in the Isle of Wight than in Scotland, and 





* Bidwell, Proc, Roy. Soc., Vol. XL., p. 486, 
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if we could make a great bar magnet with its south 
pole at Ryde and its north pole at Edinburgh, and 
support it so that it could move freely in the direction 
of its length, the bar would at once start off in a south- 
ward direetion, and, after traveling slowly across France 
and Spain, would finally come to rest with its middle 
poiut somewhere near the Gulf of Guinea, on the west 
coast of Africa, when its poles would find themselves 
in fields of equal intensity. — 

We can easily show a similar effect on a smaller scale. 
We set up the hollow coil of wire in an upright posi- 
tion upon a tripod, and arrange the connections in such 
a manner that when the battery current is flowing the 
lines of foree pass through the interior of the coil in an 
upward direction. Inside the coil these lines are close- 
ly packed together and nearly parallel ; beyond the 
two ends they spread out in all directions, like the 
branches of a tree. Below the coil we have a steel bar 
magnet, the north end of which enters the coil to the 
extent of an inch or two, while its south end rests upon 
a block of wood. 

When we connect the battery by pressing a key, the 
magnet is at once lifted up bodily and drawn inside 
the coil in opposition to the force of gravity. Breaking 
the current, the bar falls back upon the block, the 
suund of its impact being audible throughout the room. 

The reason is, of course, clear. As soon as the eur- 
rent is started, the magnet finds itself ina field of force, 
in virtue of which its north end is urged upward and 
its south end downward. But the field is not uniform, 
it is stronger inside the coil than outside. The force 
onthe north end of the magnet, therefore, predominates 
over the opposing force on the south end, and the bar 
moves upward until (neglecting gravity) its two ends are 
in fields of equal intensity. 

Instead of using a magnet, the experiment may be 
performed equally well or even detter with a rod of 
common iron, for the lines of force in passing through 
the rod will convert it into a powerful temporary mag- 
net with its north pole uppermost, The wagnetism of 
the bar of iron when in a strong magnetic field may be 
demonstrated in the usual way by showing its power 
to attract any small iron objects, such as these nails. 

It will be observed that not only does the iron rod 
attract the nails, but that the nails themselves have 
acquired the power of attracting each other, and hang 
in strings of considerable length. This is because the 
magnetic lines emerging from the end of the bar pass 
through the nails and convert them also into tempo- 
rary magnets. 

The moment that the current is broken the magnetic 
force vanishes; the iron loses its attractive power, 
and the nails fall to the table. We have here an ex- 
ample of what is known as an electro magnet, a con- 
venient arrangement, by means of which a powerful 
attractive force can be instantly evoked and as instant- 
ly annihilated. . 

The little horseshoe-shaped piece of iron, not three 
inches long, which I hold in my hand, will, when an 
electric current is passing through the wire which is 
wrapped around it, easily lift a weight of 7lb. With- 
out the magnetic force which the current supplies, it is 
incompetent to pick up asingle nail from this heap. 
Here I have a larger electro magnet which, with suffi- 
cient current, would probably support two or three 
hundredweights. Still larger ones have been made 
which can lift several tons. 

The questions have often been discussed, what are the 
conditions affecting the lifting power of an electro mag- 
net ? and what is the greatest lifting power attainable? 
One point of fundamental importance was settled ex- 
perimentally by Joule many years ago. 

He found that the power of a uniform electro magnet 
varies directly as the sectional area of the iron core, so 
that, for example, a magnet with a section of two 
square inches would, other things being equal, carry 
twice the weight that could be supported by one with 
a section of only one square inch. 

The same eminent philosopher carefully studied the 
effect of varying the strength of the current passing 
through the surrounding coil, and ascertained that 
while, up to a certain point, increase of current was ac- 
companied by marked increase of lifting power, yet, 
when the current exceeded a more or less definite limit, 
further increase of it produced comparatively little 
effect. 

Reasoning upon his experiments, he came to the con- 
clusion, in which long afterward Rowland concurred, 
that no current, however great, ‘‘ could give an attrac- 
tion equal to 200 lb. per square inch.” Recent researches 
have shown that this statement, though it has been 
very generally accepted, is not quite true. In some ex- 
periments made in 1886 with a semicircular electro 
magnet and a semicircular armature of soft iron, a 
weight of more than 200 lb. per square inch was easily 
carried, though the current employed was very far in- 
deed from being infinite. It was, in fact, about five 


amperes, and the number of ampere turns per centi- 
meter about 400.* 

This question is indeed very closely connected with 
the one which we have already discussed with regard 
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to magnetic induction. If there is no limit to the num- 
ber of magnetic lines which can be induced in an iron 
bar, then, theoretically, there can be no limit to the 
lifting power which an electro magnet may be made to 
exert. Practically, however, a limit is imposed by the 
fact that we cannot command an unlimited current of 
electricity, nor would wires of any known material con- 
vey it, even if we could. 

With sufficient current this little 3 in. magnet might, 
no doubt, be made to lift a weight of 20 tons ; but any 


* Bidwell, Proc. Roy. Soc., Vol. XL., p. 487, 





attempt to pass such a current would result in the im- 
mediate fusion, or even vaporization, of the wire by the 
intense heat that would be generated. The lifting 
power of an electro magnetic with an iron armature is 
proportional to the square of the total number of lines 
which run through the iron, a total made up partly of 

the lines due to the current in the coil (which would 
| exist if no iron at all were present) and partly of the 
additional lines due to the superior permeability of the 
iron. 

The effect may, therefore, be considered as result- 
ling from the joint action of the iron core and of 
|the surrounding coil. That portion of the attract- 

Fig 4 
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MAGNETIC ELONGATION. 


ive force which proceeds from the coil only is, with 
currents of ordinary strength, comparatively small. 
But we have to remember that it goes on increasing in- 
definitely as the current increases, while the portion 
due to the permeability of the iron attains, as we have 
seen, a limit. With very strong currents, the part 
played by the iron core would become relatively insig- 
nificant. 

Thus, if it were actually possible to supply the 3 in. 
magnet with sufficient current to enable it to lift 20 
tons, the effect wouldpbe almost wholly due to the coil, 
the iron itself supporting only a few pounds in virtue 
of its magnetization. Ewing's experiments enable us 
to determine the greatest weight that a magnetized 
iron bar could support by itself without any assistance 
from a surrounding coil. I find it to be about 260 Ib. 
per square inch of section. 

A rod of iron which has been magnetized by the 
action of a magnetic field is generally found to re- 
tain some of its magnetism when withdrawn from 
the field. This ‘‘ residual magnetism,” as it is called, 
is held much more tenaciously by hard steel or iron 
than by metals which have been softened by careful 
annealing. The reversed magnetic force which, while 
it is acting, is just sufficient to reduce the residual in- 
duction to nothing, has been called by Dr. Hopkin- 
son the “ coercive force.” That force which not mere- 
ly reduces the induction to zero while applied, but just 
suffices to destroy the residual magnetism permanently, 
he calls the * demagnetizing force.” 

In two specimens, the one of soft iron and the other 
of hard steel, which Hopkinson submitted to a mag- 
netizing force of 240, the residual induction was found 
to be about 7.200 and 8,700 respectively ; but whereas 
the coercive force of the iron was only two or three 
units, that of the hard steel was more than 19. A sam- 
»le of steel containing about 244 per cent of tungsten 
aad a residual induction of 6,800, and required for its 
permanent demagnetization a reversed magnetic force 
of no less than 70. Such steel is of great value for the 
commercial manufacture of permanent magnets. 

Vibration or jarring has a remarkable effect in re- 
moving the residual magnetism of soft iron. It also 
greatly assists the magnetizing action of a small force. 
I have here asoft iron bar painted red at one end. 
Holding the red end uppermost, I tap it gently with a 
wooden mallet ; and now, reversing its position sothat 
the red end is downward, [ apply this end to the mag- 
netometer, The movement of the spot of light at once 
indicates that the red end is a south pole. 

The magnetization of the iron while under the influ- 
ence of the earth’s vertical force was facilitated by the 
tapping; some of the magnetism thus acquired was 
permanently retained, and hence the polarity now ob- 
served. But if, while thus holding the bar with the 
red end downward, I again tap it with the mallet, the 
spot of light immediately flies to the opposite end of 
the scale, indicating that the tapping has not merely 
depolarized the bar, but has enabled the earth's force 
to actually reverse its polarity. The red end, which 
was south, has now become north. 

In experimental work it is frequently desirable to 
demagnetize samples of iron or steel which have been 
exposed to the action of strong fields. It would be 
easy to do this, at least approximately, if we knew what 





demagnetizing force would be just sufficient to destroy 





the permanent magnetism, and if we had the means of 
applying such force conveniently. This, however, is 
very rarely the case. But the desired object may be 
attained in another way. 

The magnetized bar is subjected to a series of mag- 
netizing forces which alternate in direction and gradu- 
ally decrease in intensity until they become exceeding- 
ly small. Under each successive application of the 
force, the magnetism of the bar is reversed, and at the 
same time diminished, finally disappearing altogether. 
I have arranged an apparatus by means of which this 
operation of demagnetization by reversals can be per- 
formed very conveniently. 

Its nature is indicated in Fig. 3. A B represents a 
German silver wire wound in «a close spiral upon a 
wooden cylinder, along which a contact spring, C, is 
capable of sliding. The two ends of the wire are con- 
nected through a current reverser, D, with a battery, 
E. One end, B, of the wire and the spring, C, are also 
connected with the hollow coil, 8, inside which is placed 
the bar to be demagnetized. The resistance of the 
whole of the German silver wire being wany times 
greater thar that of the coil, 8, it follows that when 
the sliding spring is at the end, A, of the cylinder, the 
proportion of the current which passes through the 
coil is much greater than that passing through the 
German silver wire. As C woves from A to B, the cur- 
rent through the coil, 8, becomes gradually less and 
less, and when B is reached there is practically no eur- 
rent in the coil at all. 

While the current is being thus diminished in 
strength, its direction is reversed many times by means 
of the commutator, D, and in this manner there 
is produced a succession of alternating magnetic 
forces of diminishing strength, which have the effect 
of demagnetizing tle iron bar inside the coil. In 
the instrument before you the slide and the commu- 
tator are actuated simultaneously by the simple opera- 
tion of turning a handle. 

Here is a bar which, when applied to one of the poles 
of the magnetic needle, causes repulsion. It is, there- 
fore, magnetized. We place it in the instrument, and 
after a few turns of the handle, we once more test the 
bar. Finding that it now attracts both poles of the 
needle indifferently, we know that it has been freed 
from permanent magnetism. 

We have seen that the permeability of an iron rod 
(and, therefore, its magnetic ae oe depends 
upon the intensity of the field in which it is placed. 
But even in the same field its value is subject to some 
variation, for it also depends, to some extent, upon the 
physical condition of the iron, and is affected by such 
causes as changes of temperature or mechanical stress, 

If, for instance, we hang an iron wire vertically in a 
not very strong field, and stretch it a little by attach- 
ing a weight to its lower end, we shall find that the 
stretching causes a temporary increase in the permea- 
bility of the wire, and, consequently, in the intensity 
of its magnetization ; the wire will act more powerfully 
upon amagnetometer, and produce a greater deflection 
in the stretched than in the unstretched condition. But 
if the experiment be repeated in a strong field, the effect 
will be reversed. The same load which before increas- 
ed the magnetization of the wire will now be found to 
diminish it. Ina field of a certain medium strength, 
which can be determined by trial, the stretching will 
have no effect at all upon the magnetization. 

This value of the field is called, after the first discov- 
erer of the phenomenon, the “ Villari critical point” 
for a certain load. The diagram, Fig. 4, shows the re- 
sults of some experiments upon an iron wire about 
three-quarters of a millimeter in diameter, in both the 
unstretched and the stretched conditions, the load em- 
ployed being a weight of 7 Ib. 

In this diagram the horizontal distances are propor- 
tional to the magnetizing field and the vertical distances 
to the corresponding magnetization. The critical 
point, where the two curves cross each other, occurs 
when the intensity of the field is about 11 lines of force 
to the centimeter. 

There can be little doubt, though I do not know of 
any experiments that have been made on this point, 
that the effects of compression would be of the opposite 
character to those produced by extension. The action 
of strain upon susceptibility no doubt explains a very 
curious effect, first noticed, | believe, by Prof. Wiede- 
mann, which occurs when a circularly magnetized iron 
wire is twisted. 

It way be well to explain what is meant by circular 
minagnetization. Suppose that we magnetize a strip of 
very thin iron or steel and bend it into the form of a 
ring like an ordinary napkin ring, making the joint 
between the ends su perfect that there is no break 
whatever in the continuity and uniformity of the 
iron. 

Such a ring will exhibit no external indication of 
magnetism, for the lines of foree which proceed from 
the north pole will at once enter the south pole with- 


Fig 5 
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out passing through the airat all. By properly joining 
a number of such rings together we might form a cir- 
cularly magnetized tube, and if we filled up this tube 
with a series of similarly prepared tubes of gradually 
decreasing diameter, fitting perfectly one within the 
— we should build up acireularly magnetized solid 
rod. 

A rod so constructed would, like the elementary 
rings composing it, yield no sign of magnetization to 





ordinary tests, for no lines of force would issue from it 
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into the surrounding space. Nevertheless, it would be 
magnetized. 
magnetized by the simple operation of passing an elec- 
tric current through it. 

Here is a piece of thick iron wire which has been so 
treated. Bringing one end of the wire near the mag- 
netometer, we see that no material deflection is pro- 
duced. But if, while holding the end of the wire which 
is nearest to the magnetometer as steadily as possible, 
I give a slight clock wise twist to the other end, the spot 
of light is deflected violently toward the right, indicat- 
ing that the fixed end of the wire has become a strong 
south pole. If we reverse the twist, the polarity is at 
once reversed, and the spot of light flies to the opposite 
end of the scale. We may repeat this operation a great 
many times, giving the wire either polarity at will by} 
the application of a suitable twist at the free end. 

Prof. Chrystal has given an explanation of this phe- | 
nomenon which appears to be quite satisfactory. Fig. 
5 is intended to represent short length of a wire which | 
has been circularly magnetized by a current passing 
from above downward. The magnetic force of any 
point, P, in the wire is in the horizontal direction, P B. 
Suppose the wire to be fixed at the bottom and to be 
twisted at the upper end in the direction indicated by 
the arrow head, T (é. ¢., in a counter clockwise direc- 
tion as seen from above), then the metal is stretched in 
some such direction as P E, and compressed in another | 
direction, P R. P E and P R therefore become axes of 
greatest and least susceptibility, and the resultant 
magnetization will take the direction, P B, which has 
a vertical component downward in the direetion, P A. 
The lower end of the wire should, therefore, exhibit 
north polarity, as the experiment shows that it does. 
The effect caused by stress upon the susceptibility of 
the magnetic metal nickel is opposite to that produced 
in iron. Stretching diminishes its susceptibility, com- 
pression increases it. 

Hence, if we perform the twisting experiments with 
a wire of nickel instead of iron, the resulting polarities 
should in each case be the contrary of those which we 
just now observed. This also agrees with the experi- | 
ment. We now pass to the consideration of what ap-| 
pears to be a class of converse phenomena. As the}! 
magnetic qualities of a rod of iron or other magnetic 
metal are affected by temporary strain or slight altera- | 


| 
An iron rod or wire may be sabe 
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When a current of electricity of sufficient strength to 


produce a field of about 100 is passed through the coil, 
the image of the wire at once moves downward, show- 
iug that the length of the iron rod has become greater. 
A current five or six times as strong as the last is now 
turned on. Immediately the black image moves in 
the upward direction, indicating a diminution in the 
length of theiron. It has lately been shown, mathe- 
matically, by Prof. J. J. Thomson, of Cambridge, that 
this remarkable behavior of an iron rod, in elongating 
with a moderate magnetic force and contracting with a 
strong one, is a necessary consequence of the phenome- 
non which has already been spoken of as the * Villari 
reversal.” This being so, we may venture to make a 
prediction with regard to cobalt and nickel. 

We can foresee with tolerable certainty that, if the 


experiment were made, a Villari reversal would be found | 


to oecur with cobalt, and that it would be of the oppo- 
site character to that in iron—. e., stretching would 
diminish the magnetization when the magnetic force 
was weak and increase it when the magnetic force was 
strong. I am not aware that such an effect has been 
yet observed. In nickel, on the other hand, there will 
be no Villari reversal at all. This latter statement has 
already been to some extent verified, sincé, although 


| several attempts have been made (some quite recently 


by Prof. Ewing) to detect sweh reversal, none has 
been attended by success. 

A few words in conelusion with regard to the effect 
of heat. Iron, when made red hot, loses its suscepti- 


bility, and practically becomes a non-magnetic metal. 


| Nickel loses the greater part of its magnetic property 
|at a much lower temperature, perhaps about 300° C. [| 


have here a piece of apparatus in which this effect is 
rather neatly shown. A copper disk to which a thin 
projecting tongue of nickel is soldered hangs like the 
bob of a pendulum from a double thread. This bob is 
drawn out of its normal position by the action of a 
horizontally fixed bar magnet, which attracts and holds 
fast the nickel tongue. We place a spirit lamp beneath 
the tongue. In a few seconds the heat destroys the 
magnetic quality of the nickel, so that the magnet can 
no longer hold it. The bob accordingly falls back un- 
der the action of gravity, and performs an oscillation. 

In the course of its swing, however, the metal be- 
comes cooler, and when it returns to the neighborhood 


tion of its form, so it has been found that the form of | of the magnet, the tongue is once more attracted. But 


such a rod may be slightly altered by magnetizing it. 
About the year 1840, Joule ascertained, by the aid of a 
delicate piece of apparatus, that a bar of iron became 


jagain becoming heated by the flame, it is instantly 
| liberated, and the process is repeated. By properly 
|regulating the size of the flame, the boo may be kept 


alittle longer when it was magnetized, resuming its | swinging for a considerable time, like the pendulum of 
original length on the disappearance of the magnet- la clock, especially if the uniformity of the action is not 
ism. The experiment is a well-known one, and is often | affected by currents of air. This exhausts the list 
referred to as tending to throw light on the real nature! of curiosities which I have selected for review this 
of magnetic phenomena, But the simple statement|evening. If they do not, for the most part, appeal 
that an iron rod is lengthened by magnetization does| very strongly to the commercial instincts of the so- 
not contain the whole truth. 
Joule found that when he gradually raised the mag-| scientific interest, and no molecular theory of magnet- 
netizing force from a small initial value, his iron bars | istn will be complete which fails to give a full account 
at first increased in length somewhat quickly and after-| of every one of them. 
ward more and more slowly, until when the magnetiz- | =--- — 
ing force had reached about 100 units they appeared to | THE EIFFEL TOWER. 
lave attained a limit, and ceased altogether to expand. 
At this point, therefore, Joule stopped his experiments, WE give herewith an engraving of this great work, 
and for 40 years or more it seems that no one else ever} for which we are indebted to Industries, and from Hn- 
carried them any further. In the year 1885 an acei-| gineering we gather the following particulars : 
dental observation led me to believe that there was| The Eiffel Tower is the natural development of the 
still something to be learned about the matter, and I} class of work upon which its constructor has been oc- 





lealled practical man, they are nevertheless of much |! 


accordingly proceeded to repeat the experiment with | 
far stronger magnetizing forces than had previously 
been employed. The latest results are clearly shown 
in the diagram Fig. 6, in which the horizontal ordinates 
represent the magnetizing force in C. G. 8. units, and 
the vertical ordinates the elongations in ten-millionths 
of the length of the rod 

Looking at the curve marked “iron,” we see that as 
the magnetizing force rises from zero up to 125 units, 
the rod gradually becomes longer. ut when the 
magnetizing force is raised beyond this value, the rod, 
instead of retaining its maximum extension, begins to 
contract again, resuming its original length with a 
foree of about 275. Still further increasing the foree, 


| cupied for so many years ; it was the direct outcome of 

a series of investigations undertaken by M. Eiffel ia 
| 1885, with a view of ascertaining the extreme limits to 
|} which the metallic piers of viaducts could be — 
|with safety, this special line of investigation having 
|reference to a proposed bridge with piers 400 ft. in 
height and 140 ft. of base. The idea of the great tower 
| followed, preliminary plans were prepared, and calcu- 
|lations made by two of M. Eiffel’s principal engineers, 
|MM. Nouguier and Koechlin, and by M. Sauvestre, 
jarchitect. Naturally the leading principle followed 
| was that adopted by M. Eiffel in all his lofty structures, 
| namely, to give to the angles of the tower such a curve 
| that it should be capable of resisting the transverse 





tected by a railing and glass to prevent any voluntary 
or involuntary catastrophe. Above the platform rises 
the campanile, which is of the design shown ; in the 
lower part of this is established a spacious and very 
completely fitted laboratory, closed to the public and 
intended for the prosecution of scientific research and 
observation. Four latticed arched girders rise diago- 
nally from each corner of the lower part of the cam- 
panile and unite at a height of about 54 feet above the 
platform. By means of a spiral staircase yet another 
gallery is reached, about 19 feet in diameter, and sur- 
rounding the lantern which crowns the edifice and 
brings the height of the structure to 984 feet. Above 
this rises the great lightning conductor. Within the 
lantern, which is 22 feet high, will be placed a very 
powerful electric light, placed within a lantern of the 
first order, and projecting white, blue, and red beans. 
| Reflectors will throw these beams over Paris, and will 
help to illuminate the Champ de Mars. 

Provision is made for protecting the structure from 
the effect of lightning by means of cast iron pipes, 19 
inches in diameter, and passing through the water-bear- 
| ing strata below the level of the Seine for a distance of 
| 60 feet. At one end these pipes are turned vertically, 
and are connected with the ironwork of the tower. 
There are eight pipes in all, two for each column. 

The total weight of wrought and cast iron that has 
been used in this unique structure is 7,300 tons, not 
including the weight of the caissons employed in the 
foundations nor the machinery installed for working 
the elevators. 

No doubt during the period that the exhibition is 
kept open the ample facilities thus provided for the 
publie will not be found excessive, but it is searcely 
reasonable to ——- that after all the buildings on 
the Champ de Mars have been swept away, and the 
vast column alone remains to suggest the glories of the 
departed centennial celebration, great numbers of visit- 
ors will go so far out of Paris as the Champ de Mars to 
enjoy a sensation which by that time will have ceased 
to be novel. It is to be hoped that, by the time the 
exhibition closes, the enterprising syndicate which has 
acquired the Eiffel Tower will find themselves repaid 
to a large extent. Otherwise there is reason to fear 
that their speculation may not turn out profitable, and 
that their twenty years’ concession will scarcely suffice 
to make their speculation a satisfactory one. 

But of course the tower has other uses than that of 
money making, some uses which are now apparent, and 
others which the existence of the structure will sug- 
gest as time goes on. 

We may conclude this notice with a few miscellane- 
ous particulars of this interesting work. The total 
weight of iron employed in the structure itself is 7,300 
tons. The weight of rivets is 450 tons, and their total 
number 2,500,000. Of this quantity 800.000 were riveted 
up by hand on the tower itself, during the work of fix- 
ing together the finished pieces which had been com- 
pleted at M. Eiffel’s establishment at Levallois-Perret, 
and which were delivered on the Champ de Mars ready 
for erection. The number of pieces of iron of different 
forms is 12,000, and each of these required a special 
drawing ; there were thus no less than 12,000 working 
drawings sent into the workshop, to say nothing of the 
innumerable sketches and plans prepared before the 
final details were decided upon. The total thrust upon 
the foundations is 565 tons, not including the effect of 
wind, and 875 tons under a maximum wind pressure. 
The tower is painted of a rich chocolate color, the tone 
of which is lightened from the base toward the summit. 
The painting, which was of itself a considerable work, 
is very effective, especially when lighted by the sun. 
But little decoration has been attempted; it would 
have been wasted labor and expense. The level of the 
first story is marked by a bold frieze, on the panels of 
which, around all four faces of the tower, are inscribed 
in gigantic letters of gold the names of the famous 
Frenchmen of the century who have most contributed 
to the advancement of science. 

“It is as it were under their patronage that this 
monument is erected, and the constructor has desired 
to consecrate to them the place of honor, and upon it 








the iron is found to become actually shorter than it|effects of wind pressures without necessitating the|to write their names in letters of gold, as an evidence 
was in the unmagnetized condition ; and it continues to| connection of the members forming these angles, by of publie recognition, and as of homage paid to their 


contract until the force has attained the value of about 
1,000, beyond which point its length becomes sensibly 
constant. The same diagram gives the results of ex- 
periments made with the two other magnetic metals, 
cobalt and nickel. 

Cobalt, it will be seen, behaves oppositely to iron ; it 
begins by contracting, and after attaining a minimum 
length, becomes longer again. Nickel also is found to 
contract, but, unlike cobalt, it never passes a wmini- 
mum, its length remaining unchanged when the maz- 
netizing force exceeds the value of about 800. The 
contraction of nickel under magnetization had been 
previously observed by Prof. Barrett. It must be 
remembered that the absolute magnitude of these 
elongations and retractions is exceedingly small. Thus 
the greatest elongation of the iron rod used in these 
experiments was barely 6 millionths of an inch. The 
measuring apparatus is, therefore, necessarily one of 
great delicacy. That which | have constructed, and 
which is now before you, will measure small changes 
of length, to one 25-millionth of an inch. Imagine an 
inch to be divided into so many equal parts that to 
count them at the rate of 100 a minute day and night, 
without ever resting, would require six months’ con- 
tinuous work; then this instrument is capable of 
measuring one of such parts. 

The nature of the apparatus is indicated in Fig. 7. 
The iron rod to be examined is placed in an upright 
position inside the magnetizing coil.* Its upper end acts 
at B upon a long lever which turns upon a knife edge 
very near to B; the other end of the lever tilts a small 
mirror, M, which also turns upon knife edges, or rather 
needle points. By means of a lime light lantern the im- 
age of a horizoutal wire is, after reflection from the mir- 
ror, projected upon a distant vertical seale. A very slight 
deflection of the mirrior causes a considerable move. 
ment of the image, and from the extent of this move- 
ment the change in the length of the wire can be easily 
calculated. Ina rnde kind of way I can show you che 
instrument in operation. The image of the wire is 
seen as a black line across the seale which is hanging 
upon the wall. 


* For further details of the arrangement see Proc. Roy. Soc,, No, 242, 
1886, p. 110, and PAu. Trans, vol. cixxix, (1888), A, page 205, The instru- 


ment used at the lecture was made after the latter paper had been com. 
municated, and was exhibited at the Royal Society soiree in May, 1888. 


|diagonal bracing. The Eiffel Tower, therefore, con- 
|sists essentially of a pyramid composed of four great 
eurved columns, indepgndent of each other, and con- 
| nected together only by belts of girders at the different 
| stories, until the columns unite toward the top of the 
tower, where they are connected by ordinary bracing. 
Iron, and not steel, was used in the construction 
| throughout. — 

There are four independent foundations, each stand- 
|ing at one angle of a square, about 330 feet on a side ; 
|the two piers nearest the Seine were known as num- 
| bers Land 4, those adjoining the Champ de Mars as 2 
and 3. On the site of the two foundations 2 and 3, the 
|bed of gravel was met with 23 ft. below the surface ; 

the thickness at this point is about 18 ft. The condi- 
|tions for obtaining a good foundation were therefore 
extremely favorable, and the piers were built upona 
|bed of cement concrete 7 ft. in thickness. The two 
|piers nearest the Seine required different treatment. 
| The bed of sand and gravel was only met with about 
40 ft. below the surface, that is to say, about 16 ft. 
|lower than the mean water level of the Seine, and it 
| was overlaid by soft and permeable deposits. Excava- 
| tions were pushed, by means of caissons and compress- 
ed air, to a depth of about 52 ft. below the surface, and 
it was found that, under the gravel, variable deposits 
of fine sand, formed of limestone and sandstone, had 
| accumulated, having been left there by the water after 
the clay had been washed out in hollows by the stream. 
Owing to this there existed a good and incompressible 
bed about 10 feet thick under the western pier on the 
Grenelle side and nearly 20 ft. thick under the north 
pier on the Paris side. Apart, therefore, from the 
difficulties in sinking for the foundations, the condi- 
tions were very satisfactory. The mode of sinking 
adopted was that of compressed air, with iron caissons 
49 ft. 2 in. long by 19 ft. 8 in. wide ; four such caissons 
were required for each pier, and they were sunk to a 
depth of 40 ft. below the surface, or 16 ft. lower than 
the Seine mean water level. 

The tower terminates at a height of 896 feet above 
the ground, with a platform about 53 feet square. The 
width of the column at this level is 33 feet, the gallery 
being carried by brackets which are sufficiently wide 
to afford a considerable area of platform. It is almost 
unnecessary to state that this space is securely pro- 
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| efforts, without which such an enterprise could never 
| have been attempted.” 
| Above this frieze the four-sided areade, covering the 
| exterior gallery, is elaborately decorated, and consid- 
| erable exception has been taken to this feature as mar- 
ring the bold and graceful outline of the tower. A simi- 
lar areade encircles the tower at the level of the second 
| story, and the same objection may be raised with re- 
| gard to it, but with less force, because the great height 
makes the areade look insignificant. The sloping arches 
and spandrel fillings which connect the columns of the 
tower on the four faces beneath the first story are sin- 
gularly well adapted to the gigantie scale of the work. 

Very careful observations were made from time to 
time as the erection of the tower advanced to check its 
verticality. These observations showed conclusively 
that the foundations had not yielded at all under their 
very moderate load, and that if any deviation from the 
vertical existed, it was so slight as to be searcely ap- 
preciable with the most careful measurement. All 
the other calculations of M. Eiffel have been so com- 
plete and accurate, and his experience with high struc- 
tures so exceptional, that his assurance may be taken 
with confidence that the oscillations of the tower at the 
sumuit under the most unfavorable conditions of wind 
| pressure will not exceed 6 inches, while the periods of 
vibration will be relatively slow. Under ordinary con- 
ditions of weather the tower will remain absolutely 
rigid. 

The suecess of the many problems attending the 
erection of the tower has been complete, and does M. 
Eiffel much honor. 

The remarkable regularity with which this ereetion 
has been accomplished, and the fact that no correction 
of any kind was ever required, is an ample proof of the 
precision with which the innumerable parts that com- 
pose the structure were turned out from the ateliers of 
Levallois-Perret. This achievement also shows how 
well the arrangements for the erection were combined, 
all having come to pass as had been foreseen, without 
error, without accident, and without delay. 

To obtain such a result, M. Eiffel has been admirably 
seconded by MM. Nouguier and Koechlin. M. Nouguier, 
who is chief engineer to the Eiffel firm, had the entire 
management of the erection of the famous bridge over 
the Douro(Portugal). He and his colleague, M. Koech- 
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lin, are well kuown for their entire competence in mat-| Its intensity is 69,398 carcels in the stationary light | face, it is found to be much more powerful than that 


ters regarding iron structures, and have for twelve 
years taken an active part in all the works achieved by | 
M. Eiffel. 
AND PROJECTORS OF THE)! 
EIFFEL TOWER. 


We have already spoken of the inauguration of the 
Universal Exposition and of the splendor of the illumin- 
ation that was gotten up in the evening of that same 
memorable day. Thanks to the inexhaustible re- 
sources of photography, it is now possibie to give our 
readers some idea of the aspect that the Eiffel tower | 
exhibited on the evening of May 6th, while the Ben- | 
gal lights were burning on its successive platforms | 
and while at the same time the beacon and the project- 
ors were shining with all their brilliancy. he ac- 
cowpanying engraving is a facsimile of a photograph | 
taken by Mr. Maurice Gavin, on Monday, May 6, at} 
half past 9 o’clock at night with a Lumiere plate (blue | 
mark) and a rapid rectilinear objective without dia- | 
phragm. The effect obtained is curious and very ex- | 
act. The wind was driving the flames and the smoke 
of the Bengal lights before it, and one would have 
said that the iron structure was on fire. The Bengal | 
lights were red, and as they had been distributed in 
profusion throughout the structure, the illumination, 
in connection with the rows of gas jets and the light 
of the beacon and upper projectors, produced an ab- 
solutely enchanting effect. 

The intense rays thrown out by the projectors can be 
distinetly seen in the photograph. A luminous aureola 
appeared a little way above, around the luminous 
point of the beacon,-as well as at the third story. We 
shall no longer dwell upon an illumination which must 
be considered merely as an exceptional and unusual 
spectacle, but shall describe the beacon and projectors. 
These apparatus constitute a really scientific installa- 
tion, which Mr. Eiffel had carried out by Messrs. 
Sautter & Lemonnier, and the entire interesting fea- 
tures of which we hope to make understood. 

At the very summit of the 300 meter tower there has 
been constructed the cupola of a beacon of the first 
order, analogous to those of our coasts, but the light of | 
which is mach more powerful. It is under the beacon, 
upon the laboratory platform, above the hall set apart 
for the public, that the experiments in lighting by 
projectors are performed. We shall examine the beacon 
and projectors in succession. 

The beacon consists of two superposed systems of 
optical elements, comprising: (1) a system of dioptric 
glasses, or a cylinder (simple refractor) designed to 
throw the light to a great distance, the divergence of 
the rays being due to the dimensions of the luminous 
source obtained by a voltaic are of 5,500 carcels ; and (2) 
asystem of catadioptrie or total reflection elements. 
The elements are calculated to illuminate the ap- 
proaches to the tower from 1,500 meters up to the hori- 
zon, at an angle of 114¢°. 

The upper or dioptric cylinder multiplies the light 
thirteen times, and consequently makes it pass from 
5,500 to 70,000 carcels. The catadioptric ring multiplies 
it to a less, but sufficient, extent, since the lighting by 
this system is designed for shorter distances. The light 
thrown out by these superposed rings of cut glass is| 
graduated according to the distance, and increases in 


THE BEACON 
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and 516,716 in the flashes. 
The beacon in surrounded by a wovable ring pro- 


| vided with two systems of red, white, and blue lenses. | tion that has ever hitherto been made. 


The rays that pass through the latter therefore have 
the three national colors. These lenses make one revo- 
lution every 90 seconds. 

The electric light is produced by a 100 ampere cur- 
rent received in an automatic —- The ring carry- 
ing the colored lenses is actuated by a small electric 





2.758. 



































Fie. 2.—VERTICAL SECTION OF THE BEACON. 
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of the beacon. 


Its mean intensity is from six to eight 
millions of carcels. i 


It is the intensest luminous projec- 
It is well to 
recall here that the iight of the sun at noon is equiva. 
| lent to 6,000 carcel lamps. 
| When the luminous ray falls upon objects, it permits 
of distinguishing all their details, even at a great dis- 
| tance, if recourse be had toa telescope. It has been 
found possible, with good telescopes, to distinguish 
objects at 644 wiles. At the top of the tower, the pro 
jectors are capable of very distinctly lighting the 
Orleans station, the July column, and consequently all 
the buildings of Paris. 

One peculiarity of the construction of the projectors 
is that they can be inclined fully 45°. It is therefore 
possibile to illuminate close-standing objects from top 
to bottom as far as to 275 meters from the base of the 
tower, such, for example, as the group of statues of the 
luminous fountain, It has been found possible to fol- 
low up boats on the Seine, pedestrians in the streets, 
ete. 
Projectors like those of the Eiffel tower rendered 
great service during the siege of Paris. They are now 
much used in the navy. By projecting their rays upon 
the clouds and occultating them, it might be possible 
to obtain signals visible at a distance of 300 kilometers 
(180 miles). 

Such experiments would be very interesting ones to 
carry out during the progress of the exhibition. 

At what distance can the beacon light of the tower 
be seen? That is a question that has often been asked 
us and that we shall now answer. At 300 meters alti- 
tude, the luminous ray becomes tangent to the terres- 
trial sphere at a distance of 67 kilometers (40 miles). It 
is therefore impossible to see the luminous point at a 
distance of more than 67 kilometers, when the observer 
is at the level of the sea. But as the range of the 
beacon in a straight line is 203 kilometers (121 miles), it 
ean be seen from much further off, when a person is in 
an elevated place. The beacon of the Eiffel tower has 
been seen at Bar-sur-Aube, which is 190 kilometers 
(114 miles) from Paris. The observer stood upon a hill 
300 meters (984) feet high. 

It has been seen also from the top of the cathedral 
of Chartres, at 75 kilometers (45 miles), and from the 
top of the cathedral of Orleans, at 115 kilometers (69 








At the top is figured a plan of the movable ring that 
earries the colored lenses, This ring revolves | 
around the beacon. The dioptric cylinder is repre- | 
sented at D D’, and the catadioptric rings at C C’. | 


motor that consumes 4¢ an ampere. The regulation | 
of the luminous center is done with great precision. The | 
dynamos that furnish the electric energy to the beacon 
and projectors are located at the surface in the south | 
pier of the tower. ‘i 

It will be seen that the beacon of the Eiffel tower is 
a very powerful apparatus, arranged according to the 
most recent progress in industrial optics, to which, it is | 
but just tosay, Mr. Gaston Sautter has powerfully con- | 
tributed in recent years. 

We now come to the projectors. These are two in 
number and of the Mangin type, 0°9 meter in diameter. | 
They were constructed by Messrs. Sautter & Lemon- 
nier. They are formed of an aplanetic mirror. The 


iniles). From these great distances it looks like a simple 
luminous point.—La Nature. 








COMPARATIVE HEIGHTS OF CELEBRATED 
STRUCTURES. 


OBELISK, Place de la Concorde, Paris, 27 m.; Column 
Vendome, 45 m.; Arch of Triumph, 49 m.; spire of 
Notre Dame, 66 m.; dome of the Pantheon, Paris, 83 w.; 
dome of the Invalides, 105 m.; Church of Milan, 109 m. 
St. Paul, London, 110 wm.; St. Peter’s, Rome, 132 wm. 
Cathedral of Strasburg, 142 m.; Great Pyramid, 146 m. 
Cathedral, Rouen, 150 m.; Cathedral, Cologne, 159 in. 
Washington monument, 169 m.; Eiffel tower, 300 m. 
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AN interesting note, by Mr. Arthur A. Rambaut, on 
some Japanese clocks lately purchased for the Dublin 
Science and Art Museum, has been reprinted from the 
Proceedings of the Royal Dublin Society. These 


measure as one recedes from the axis of the tower. The’ light is furnished by an electric arc lamp placed very’ clocks, though differing in other respects, agree in 





Fie. 1.—THE 


EIFFEL TOWER ILLUMINATED ON THE 








EVENING OF THE LNAUGURATION. 


intensity of the flashes visible at Paris is 24,146 carcels| near the mirror and of the same intensity as that of 


at 1,508 meters from the tower ; 64,474 carcels at a dis- 
tance of 1,850 meters; 86,711 carcels at a distance of 
2,194 meters; and 99,283 carcels ata distance of 2,500 | 


the beacon. The carbons of this lamp are inclined at 
an angle of 45°. The projector, which is mounted upon 
a pedestal, is moved in all directions through the aid 


meters. At 4,120 meters the cylinder begins to make| of two hand wheels. 


its effects felt, 


As the ray projected is distributed over a small sur- 











COMPARATIVE HEIGHTS OF CELEBRATED 


STRUCTURES. 


this particular, that the time is recorded, not by a 
hand rotating about an axis, but by a pointer attached 
to the weight, which projects through a slit in the 
front of the clock case. This pointer travels down a 
seale attached to the front of the clock and thus points 
out the hour. 
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(Continued from S."rrLemEnt, No. 704, page 11244.) 
THE STRUCTURAL STRENGTH OF SEA-GOING 
TORPEDO BOAT No. 1, 


By Lieut. F. J. DRAKE, U.S. Navy. 


STILL WATER STRESSES. 

In Figs. 5, 6, 7, 8, and 9, BS represents the length 
of L. W. P. to seale | inch = 30 feet. B is the bow, and 
8S the stern. The curve,D D, is the curve of buoyancy 
for a displacement of 117°22 tons at a draught of 5 feet 
24 inches, carrying an equipment of 42°88 tons, which 
will be the deep load draught when fully equipped for 
sea. 

The curve,W W W, is the curve of weights fordeep sea 
load, and is the sum of the ordinates for weight of hull 
and lading. Great care was taken in the distribution 
of the weights of equipment, so as to reduce the limit of 
irregularity in their intensity to a minimum, which re- 
sulted in bringing the body of weight between 40 and 
103 feet from the stern. The distribution of coal lies 
between 40°75 feet and 98°25 feet from the stern, and is 
equally distributed on both sides of engines and boilers. 

The center of gravity of the coal bunkers when full 
is 1°65 feet below the line of sheer rail at section 45 and 
0°022 foot abaft this section. 

The moments of the area of these curves about the 
base line, B 8S, and middle ordinate at section 45 or 67 5 
feet from stern are respectively the same, also their 






























positive and negative values, as follows: M M M 
represents the curve of bending mwomeuts as integrated 
from the curve of sheering stresses. 


SHEERING STRESSES. 








Feet from Sheering 
sow. Stress, 
15°5 feet — 1°92 tons. 
42°5 “ of 8°00 “ 
51 5 ad 4 2 06 “ 
602“ +456 “ 
74°4 ™ —5i 60 * 
87°5 7) an 1°04 “ 
97°2 = — 9°32 os 

124°7 7“ of 2 36 “ 








It crosses the axis, B 8, twice, producing three points 
of maximum bending moments, one above and two be- 
low the axis, showing that the two ends of the boat 
are subjected to sagging moments, while the middle of 
the boat has a hogging moment. 





Pig. 7 


and Bouyancy for 


Ww 
R Curves of Wergh? 
ia ¥ 
S of wave, 


Cres? and Hollow 


Scate 1rnch = /2 Tons 











duetions have been made for a length of wave of 138 
feet : 
Radius of rolling cirele...... .. - 21°96 feet. 
Pericdic time of the wave ....... 5°14 seconds. 
Velocity of wave in knots. ..... 18°30 
PRONE OE WIRE < oc cccccccvecs 0 9 = feet. 


The center of buoyancy is yy of her wave length 
below the plane of flotation. At this depth the dia- 
meter of the orbit of a particle of water is 0 3128 foot 
of the height of ,wave, aud the diameter of the orbit 
in which her center of gravity revolves is 0°3128 x 9 = 
2°82 feet, being the height of the effective wave surface, 
floating passively. 

‘Then the extent to which, during the passage of a 
wave, her depth of immersion amidships is alternately 
increased above and diminished below her depth of 
immersion in smooth water is: 


7 = 3:09 feet broadside to wave; but when the 


torpedo boat rides head to the sea her center of gravity 
bas a mean notion less extensive than in passive heav- 
ing, as above stated, the proportion of which is ap- 
proximately found as follows : 








Length of wave surface. ............ 138 feet. 
Joefficient of fineness ........ ...... 0°37 ** 
BOT CERNING 00 on sc ccccccedectectss 51 feet. 
w 
Fig. 5. 


Ww Stillwater. Curves 
\ of Buoyancy and 
Weights. 
t Seale finch = /2 Tons 
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areas are equal; their centers of gravity are in the 
same ordinate. It will be observed that the total 
weights exceed the limit of buoyancy at five points in 
the length of the boat, viz.,at the bow and stern, also 
at 46, 65, and 93 feet from the stern, thereby determin- 
ing the negative or downward forces as shown in the 
curve of loads. 
CURVE OF LOADS. 


In Fig. 6, LLL represents the curve of loads to 
scale and gives the total resultant force acting upon 
the torpedo boat at any point of her length, and its di- 
rection, whether above or below the line, BS, shows the 
character of the load. At the bow and stern and the 
three points mentioned the curve of loads is below the 
axis, B 8, showing the weights to be in excess of buoy- 
ancy and negative forces at these points. 

The curve of loads crosses the axis eight times, which 
gives eight water-borne sections. 

The effect of the boilers and engines is clearly repre- 
—— by the three negative loops of the curve of 

oads. 


CURVE OF SHEERING STRESSES. 


The maximum intensity of the sheering stresses is 
shown in the curve, V V V, in Fig. 6 at the points, 8, 
S, 8:, ete., Ss, in which there are three points of reverse 
racking, as will be seen at R, R, and R;. The maximum 





sheering stresses at 8, S; Ss, etc., are given, with their 











At R, R:, 26°5 feet from the bow, the excess of buoy- 
ancy over weight amounts to 6°44 tons, with a sagging 
moment of 25°44 foot tons, 

The sum of the moments of downward forces is 
164°60 foot tons. 

The sum of the moments of upward forces is 661°32 
foot tons. 

The resultant moment of the bow extremity is nega- 
tive, having an excess of weight over buoyancy, which is 
immediately followed by an excess of buoyancy over 
weight, and a large positive moment, which reaches a 
second maximum at R, Rs, the second point of reverse 
racking, where the excess of weight over buoyancy is 
8 tons, and yet there is no sagging moment, but a hog- 
ging one of 143°56 foot tons. The bending moment 
then decreases, and reaches a third maximum of nega- 
tive value at R; Rs, 23°6 feet from the stern, where the 
excess of buoyancy over weight is 4 tons, with a sag- 
ging moment of 36°24 foot tons. 


STRESSES WHEN AMONG WAVES. 


In Fig. 7, D D D represents the curve of buoyancy 
on the crest of a wave, and D, D, D, the curve of 
buoyancy in the hollow of a wave of her own length, 
in which equal volumes of displacement were obtained 
and the same longitudinal position of center of buoy- 
ancy as in still water. 























From Rankin’s formule for waves the following de- 





The chart corresponding to the reduced length, 51 
feet, as the are of a circle whose circumference is 138 
feet, is 40°5 feet. 

. . 40°5 
The proportion then is : 


Bil = 0°794, 


The extent of passive heaving is 2°82 feet broadside 
to a wave. Therefore, in the present case it will be 
2°82 x 0°704 — 2°24 feet, which is sufficiently near for 

2° 


the present purpose. And 2= 3 = 3 38 feet will be 





the alternate increase and decrease of depth of im- 
mersion amidships riding head to sea. 

This limit was taken above and below the L. W. P. 
in still water for crest and hollow of wave in deter- 
mining the displacement. 

Curve of Loads.—On the crest of the wave, L L L, 
ete., represents the curve of loads, which it will be ob- 
served crosses the neutral axis, B 8, at 8, 8,, Ss Ss, 8, 
= .......Ss Ss, giving eight water-borne sections. See 

ig. 8. 

In this curve the excess of buoyancy over weight ex- 
ceeds that of the curve of loads for still water, between 
40 and 100 feet from the bow, by 263 per cent., while 
the excess of weight over buoyancy at the two ends is 
increased in the same ratio. 

This result produces very nearly an opposite effect 
in the curve of sheering stresses as compared with that 
for still water. 
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In Fig. 8, V V V is the curve of sheering stresses on 
the crest of a wave. This curve has but one point of 
reverse racking, R, R,, situated 78 feet from the bow, 
where it changes from a negative to a positive force. 

The maximum intensity of sheering stresses is given 
in the following table : 











Point of Sheering Feet from Sheering 
Streases, ow. Stress 
8. 8: 25°7 — 7°60 
8. 8, 43°0 — 1°20 
8, Sy 50°9 — 5°24 
8. 8, 61°5 0°00 
8, 8, 72°2 — 2°84 
Se Se 89.4 + 7 80 
8, 8) 96°7 + 2°04 
8, 8. 111°1 f 7°04 











Curve of Bending Moments.—M M M represents 
the curve of bending moments to a scale of 44 inch = 
48 tons. 

It will be observed that by the change of position of 
the upward forces acting upon the torpedo boat on 
the crest of a wave, as referred to in the curve of 
loads, a hogging moment is produced at every point in 
her length, the maximum moment being at 78°l feet 
from the bow, when it is 247°52 foot tons, and the excess 
of buoyancy over weight at the same point is 8 tons. 

The following is the table of bending moments at 
the eight water-borne sections and the point of re- 
verse racking : 

















Distance Length | Sheering | Bending 
o ba o "ror is 
» -% Divison. Division. on Moments. 
| | 
Feet. 
25°7 25°7 — 8°80 — 97°64 | — 97°64 
43°0 17°38 — 5°28 — 77°36 — 175°00 
50'9 79 — 3°16 24°96 — 199°96 
61°5 10°6 — 2:28 — 24 36 — 224°32 
72°2 10°7 — 1°40 — 14°96 — 239°2 
78°1 59 — 1°40 — 8°24 — 247°52* 
89°4 | «11°8 i 448) + 50°52 — 197°04 
96° 7 | 73 + 4°88 + 35°84 — 161°20 
11i*1 14°4 + 4°52 + 65°08 — 96°12 
187°5 26°4 + 364) + 96°12 | — 00°00 
* Equals point of reverse racking. 


HOLLOW OF A WAVE. 


Curve of Loads.—In Fig. 9, L L LL is the curve of 
loads in which the seale of ordinates is 1 inch = 12 
tons, and the neutral axis, B 8, 1 inch = 30 feet. 
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This curve crosses the neutral axis, B 8, twice, show- | 


ing two water-borne sections at 43'1 and 98 feet re- 
spectively from the bow. 

The excess of weight over buoyancy between 40 and 
100 feet from the bow is 52 tons. 

Curve of Sheering Stresses.—V V V is the curve of 
sheering stresses ; it has but one point of reverse rack- 
ing at 70°02 feet from the bow, where it changes from a 
positive to a negative foree. 

It has two points of maximum sheering stresses, one 
at S, 8,, 48°1 feet from the bow, equal to + 36°48 tons: 
the other at 8, S:, 98 feet from the bow, of — 48°72 tons. 





The following is the table of ordinates for sheering | wd, round of deck plating, carlings, etc., to connec- 











stresses : 
Distance 
from Section. Sheering 
Bow. Stress, 
ee ee 
Feet. 0 
20 0 to 20 ft.\4+ 9°2 
30 20 to 30 i+ 22°68) 
43°1 | 30 to 48°10 “|4 36-488, 8, water-borne sec. 
50 43°1 to 50 “|4+. 30°40 
60 50 to 60 ** 14. 23°48) 
70 | Oto 7 “i+. 1°12 
80 70 to 80 **|— 19°96 R, R, reverse racking: 
90 80 to 90 “i— 31°96 70°02 feet. 
98 90 to 98 “l— 43 72 
100 =| 98 to 100 **|— 42 568, S, water-borne sec. 
110 100 to 110 ‘si— $23°56 
120 i10 to 120 ‘*)— 19°36) 
130 120 to 130 “1— 6°48) 
1387°5 |180 to 187°5 “ 





Curve of Bending Moments.—M M M represents the 
curve of bending moments to a scale of 1 inch = 186 
tons. 

In the hollow of the wav6 there is a sagging moment 
throughout the length of the torpedo boat, except the 
small portion of 22 feet at the stern, where there is a 
slight hogging moment. 

The maximum sagging moment is 70 feet from the 
bow, where it reaches 1,263 foot tons at very nearly the 
middle of her length. This is the greatest stress 
brought upon the boat, and at this point may future 
weakness, if any, be looked for between frames 46 and 
47. This transverse section passes through the coal 
bunkers and the forward low pressure cylinders of 
both engines, and crosses the intercepted portion of 
the upper deck, where the continuity of deck beams 
and deck plating is broken (to admit the engines), cov- 
ering an area of 112°5 square feet. 

The following is the table of bending moments: 





_ 








Length | | 
Distance; of Sheering Bending | 
from | Divi- | Stress on | Prodacts, | Momenta. 
Bow. sion, | Division, | | 
| 
——m omen 
Tons. |Ft. tons.| Ft. tons.) 
20 | 20 |+ 4°69 92°00) 92°00) 
30 | 10 |+ 15°96-4+ 159 60} 248-60 
43°1 | 13°1 |4+ 29°60+ 387°76, 639-36 First water- 
50 6°9 + 33°44-+4+ 230°72| 870°08 borne section. 
60 10 |+ 26°96+ 269°60) 1139°68 
70 10 + 12°28\-+ 122°80; 1262 48 
70°2 0, 1263 00 Point reverse 
80 10 |— 10°20— 102-00; 1160°48 racking. 
90 10 — 25°96 — 259°60 "88 
98 8 |— 37°84— 302-72) 598°16 Second water- 
100 2 |— 48°12— 86 24) 511°92 borne section. 
110 10 |— 37°56— 373°56\+ 138°36 
120 10 — 25°96— 259°60— 121°24) 
130 10 |— 12°92\— 129 20, 250-44) 
187°5 TS \— 3°24— 24°32] 274-76! 


| | 





By these diagrams of stresses in still water and 
among waves we have a series of results shown in the 
curves which point out the relative magnitudes of the 
maximum hogging and sagging stresses in a torpedo 
boat of this type, so distinct from other classes. 

The subjoined table of maximum sheering stresses 
and bending moments is deduced from the curves al- 
ready explained as connected with their calculated 
tables of stresses and moments. 

The sheering stress is given in terms of the displace- 
ment. The bending moments are given in terms of dis- 
placement and length. 

















Sheering Bending 
Stress. Moments, 
Conditions, — 
; neabees Displacement 

Displacement. x Length. 
GREE WIE kpc ccccccscessese vs rts 
CRG WAVOGTORR. «occ ccccccces 1's a5 
In a wave hollow ............ 1's BI 
Supported at extremities..... 16 f 
Supported at middle..... .... $f 10 


NEUTRAL AXIS OF THE TORPEDO BOAT. 


In order to know whether the maximum intensity of 
the stresses for sheering and bending moments as de- 
termined are within the working limits of the material 
of which the torpedo boat is made, it is necessary to 
find the tensile stress in tons per square inch on the 
deck and bottom plating, two points which are farthest 
from the neutral axis. 

The latter was determined from the effective sectional 
area of each plate liner, angle iron, ete., disposed longi- 
tudinally, adding to the longitudinal strength of the 
torpedo boat. The weakest section was taken be- 
tween frames 45 and 46. 

In order that the result should not err on the unsafe 
side in computing the effective sectional area, deduc- 
tions were made for rivet holes, water tight floor, rivet- | 
ing coal bunker fronts, deck plating, and stringers to} 
beams, and for liners, butts, and fastenings, in all 42 
per cent. 

The remaining 58 per cent., which was taken as re- 
presenting the effective sectional area, was grouped 
symmetrically about the middle line of the section as a 
central axis, thereby forming an uivalent girder as 
shown in Fig. 10, which is toa reduced scale of yy in 
square inches. 

The top flange of the girder, Ba, contains the flat of 
the upper deck plating, ete. = 5°32 square inches. The 


os with top of coal bunker fronts = 4°48 square 
nehes. 

de, round of deck plating to stringer angles and 
vertical plating of coal bunker fronts = 9:17 square 
inches. ’ 

ef, sheer strake, stringer angles, and vertical plates 
of coal bunker fronts with horizontal stiffeners = 4°34 
square inches. 

Jg and gh, shell plating, vertical section of coal bunk- 
er am etc. = 11°34 and 10°36 square inches respect- 
ively. 

At, shell plating and coal bunker fronts with inter- 
costal angles, etc. = 6°30 square inches. 


Fig. 10. 
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ik = bottom plating, keelson, flats, etc. = 14 square 
inches. 

kA, garboard strakes, flat keel plates, etc. = 8°68 
square inches. 

Taking moments of the different areas about the 

base, A, the depth of girder is divided by the neutral 
axis as follows : 
AB=AC+BC,or10' = 430+ -5'°7, or 1’ = 0°43’ + 0°57’. 
Referring to Fig. 8, when the torpedo boat is on the 
crest of the wave, thereby subjected to a hogging mo- 
ment, that portion of the hull above the neutral axis 
is under tension and the portion below under compres- 
sion. 

In the hollow of a wave, and subjected to sagging 
stresses, the conditions are reversed. Allowance has 
been made for the presence of rivets in the section, 
wherein the effect is to weaken, as regards its resistance 
to extension, and the reverse when the stress is a com- 
pressive one, 

The woment of inertia of the effective sectional area 
about its neutral axis is found to be 831°09 foot units of 
measurement. 

The intensity of the stress on any part of the section 
is obtained from the formula— 


Pp 
- -~ in which the unit of area is a square inch. 


y 
p = the stress required. 
y = the distance from the neutral axis = the hogging 
or sagging moment in foot tons. 
I = moment of inertia. 


Therefore when the torpedo boat is on the crest ofa 
wave it is subjected to a hogging moment of 247°52 foot 
tons. The moment of inertia of her effective section 
about the neutral axis is 831°09 foot units. 

The tension in tons per square inch on her upper 
—_ plating, which is 5°62 feet above the neutral axis, 
will be— 








eo & 
y I 
My 247°52 x 5°62 
._p=—-= = 1674 tons 
I 831°09 


While the actual tension on this section of the deck 





remaining sections of the web are as follows : 


from sheer rail to sheer rail is 42 tons. 
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The compression on the flat keel plates, which are 
4°3 feet above the neutral axis, will be : 


43 
— X 1°674 = 1°26 tons per square inch, while the actual 
57 
thrust on these plates is 2°84tons. In the hollow ofa 
wave the greatest sagging stress takes place about this 
section and amounts to 1,263 foot tons. 

The tension in tons per square inch on the flat keel 
plates will therefore be 

1263 x 4°304 
-——. = 6°41 tons. 
831-09 

The actual tension on the cross section of these plates 
is 13°72 tons. ; 

The greatest thrust on the deck plating will be 
57 
— X 6541 = 8°70 tons per square inch. 
43 





FACTOR OF SAFETY. 


The mean of elastic limits which I determined from 
aseries of physical tests made upon the material of 
which the hullof the torpedo boat is composed is 33,- 
600 lb. per square inch, or 15 tons, with an ultimate 
stress of 27 tons. For compression 14 tons per square 
inch are accepted as the effective limit of resistance of 
the shell plating within the proof load. 

As sea-going torpedo boats of this class are intended 
to be constructed so as to be driven into a head sea on 
oceasions of necessity without burying themselves com- 
pletely, it therefore becomes necessary to know not 
only the energy stored in the moving mass and the 
method of variation of the resistance, but also the 
striking velocity and magnitude of sheering stresses 
between the crest and hollow of a wave. - 

To meet the shock of a sea successfully, the resilience 
must be sufficient to take up the shock without serious 
deformation of the material, due regard having been 
given to the form of hull. at 

It is therefore necessary to make the elastic resilience 
of the material greater than the maximum energy of 
that portion of the wave displaced by the boat. 

The torpedo boat as a moving load in passing 
through the waves is subjected to a series of shocks 
whose periodic time is in proportion to the speed of 
the boat. 

Lying head to sea passively, the changes from the 
hogging to the sagging stresses, which are equivalent 
to a variation in the moment of reverse racking of 
1,511 foot tons nearly, occur at intervals of about 2°6 
seconds. 

At a maximum speed of 20 knots, head to sea, the 
period of the wave is reduced to about 228. 

This makes the interval between hogging and sag- 
ging stress, or the period of application of a load of 
1,511 foot tons, 1°°14. 

In view of this, it is highly essential that the factor 
of safety in vessels of this type should be considered 
only under the ratio in which the elastic resilience of 
the material exceeds the maximum working load. 

Under tension, the maximum stress is 6°541 tons 
per square inch on the flat keel plates, as in the hollow 


of a wave. The elastic limit of the material is 15 tons, 
15° ’ 
and a = 2°29 = proof factor of safety. Assuming 





the factor of safety, according to the distinguished 
architects, Mr. W. J. M. Rankine, W. John, 8. J. P. 
Thearle, and others, at 5, and accepting 22 tons per 
square inch, as determined, for the ultimate strength 
of the galvanized material, the maximum tension on 
the galvanized structure of the boat should not exceed 
44 tons per square inch. But under the maximum 
stress of 6°54 tons per square inch the factor of safety is 


22 
6-54 
and under the maximum thrust of 8°7 tons per square 


9 
inch the factor of safety is a 3°10. Hence for the 


— 
‘ 


torpedo boat we have the following results : 


= 3°36+ 








Tons per Square Inch, 
Factor of Safety. 





| Upper Works, Flat Keel Plates, 








Condi- 
tions of | 
Load. | Maxim’m + +)/Maxim’m ’ 
, | : Tension L my in! Tension Feeney 
| Proof. |Working. or” _ Hollow of in - Crest of a 
| wave, |* Wave.| wave, Wave. 
Stresses 2°29 3°36 | 1°67 8°70 6°54 1°26 
Thrusts, 1°61 3°10 | ee cae op Hates 











From the above results it will be seen that the com- 
monly accepted value of 5 for the factor of safety has 
been reduced 24 per cent. for the ultimate stress and 38 
per cent. for the ultimate thrust. 

On account of the leugth compared with the breadth 
and the lightness of material, and the distribution of 
weights, the proof factor of safety having a value of 
not less than 2°5 would have increased the thickness of 
the flat keel plates to 15 pounds per square foot, and 
the garboard and stringer plates to.10 pounds each. 


EFFICIENCY OF RIVETING. 


Of the shell plating all vertical seams were butted, 
strapped, and treble riveted between bulkheads on 
frames 271¢ and 6544. In treble riveting, alternate 
rivets in the row nearest the edge were omitted. 

_All other butt straps were double riveted; zigzag 
riveting generally was employed throughout. 

_All longitudinal seams were lapped and double 
riveted. Double riveted laps and all butt straps were 
spaced 35g (nearly) diameters with 1} diameters edge 
iuargin to outside row for calking. 

Maximum Efficiency of Butt Straps.—From a series 
of experiments which I made upon the galvanized 
plates for the hull, I found the average reduction in 
tensile strength of the punched plates to be 5 tons per 
square inch. 

As the diameter of the rivet has a constant value, 





the only variation ip the strength of the plate must be 
due to galvanizing and the pitch of the rivets. 

Let ¢ = thickness of plate in inches. Let p = pitch 
of the rivets = 1°359 inches. Let d = diameter of the 
rivets = 0°375 inch; then p—d = distance between 
consecutive rivet holes = 0° "984. 

Therefore making allowance for the tensile strength 
of the plate being reduced from 27 to 22 tons per square 
inch, then the maximum efficiency which the butt 
connections have in this case, where the rivets are 
spaced 354 diameters, will be equal to the product of 
the ratios of 2—% ana 22 - % , @ _ ono 

tebe ane 37 ~ 1-360 * 37 

For the flat keel plates of 4% inch thick p = 2’, 
d = 14", and t = 0°25. 

Then the maximum efficiency of the flat keel plate 

23 _ 83°00 og 
27° ”~—s«* 4 ‘ 





. 1 " 
butt straps doubie riveted is ——- x 

And for strength of rivets: 

0°393 x 24°5 = 9°62 tons. 

And for strength of plate between rivet holes : 

22 x 14 (2 — 44) = 8°25 tons. 
Whick shows the efficiency of joint to be 
NERC 
8°25 x 0°61 = 0°71. 

For the maximum thickness of bottom plating of 
ys inch having butt straps treble riveted, with alternate 
rivets omitted in the row nearest the edge of strap, the 
strength of rivets is 

ad 


4 


in which d = 3g", p = 1'°359, and ¢ = ,4, inch thick of 
plate; and for strength of plate between rivet holes 
22 x A, (1°359 — 0°875) = 4°59 tons, which shows the 
efficiency of the joint to be 


6-73 
4°059 


For double riveted butt straps the strength of rivets 
is 5°39 tons, and the efficiency of this joint is 

5°39 - 
059 * 0°59 = 0°784. 

In both cases the riveting is stronger than the plate. 

The half inch rivets used in flat keel plates, stem 
and stern posts, and keelson were driven hot. All 
others were driven cold. All plates were punched after 
galvanizing. All frames were punched previous to 
being galvanized. 

For lap-jointed work the following percentages 
were determined as the amount to be added to the cal- 
culated weights of plating on account of laps, butt- 
straps, and liners, for plates 162 inches long and 29 
inches in width: 


X 246 K24'5 = 0°275 x 24°5 = 6°73 tons. 


x 0:59 = 0°978. 
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In forming the above table during the congtruction 
of the boat, the weight of each plate was taken before 
and after punching, and the weight of rivets used in 
the plate, also the amount of flush cutting from the 
countersunk head removed at final ‘“‘ drawing down.” 
Deducting the latter from the weight of rivets, the 
difference between the original weight of plate and 
the total weight of plate and rivets was used as the 
amount of percentage in weight, as given above. 


GALVANIZING. 


The effect of galvanizing upon the tensile strength of 
plates and angles has already been given. 

The effect upon the weight and thickness of thé ma- 
terial I determined from a series of careful measure- 
ments, both in size and weight of plates and angles 
before and after galvanizing; also the diminished 
weight due to pickling in the bath preparatory to gal- 
vanizing, as follows : 
































g Weight in Pounds. 

3 
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35 | 93X30X yy) 2654", 2559-10" 1288) 2788-0°331 
22 | 93X30X r'¢| 1169° 1130-|0°1290| 1271° 0-330 
223 45431" | 09038 (2-428 
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It will be observed from the above data that for thin 
plating, ete., 144 inch thick and less, the original weight 
is diminished 01291 pound per square foot, including 


opposite side, in pickling, while the weight is increased 
0°347 pound per square foot, including opposite side, 
in galvanizing. 





The above increase in the weight of shell plating 
one angles was considered in computing the weight of 
ll 


ull. 
The following is the average weight of galvanized 
angles per foot of length : 


3 in. by? in. by 4 im.......... 37 pounds. 
1% in. by 1% in. by yy in. ..... .. 22 * 
1% in. by 1% in. by fy in....... ove 1B 
1¥ in. by 1 in. by gy in.......... 104s .% 
1. fas byi  iavby fy ies......... OW: 


Under these conditions the structural strength of 
sea-going torpedo boat No. 1 will undoubtedly prove 
the efficiency of its construction, if future comparisons 
with European boats are made. 





THE INSPECTION OF RIVETED BRIDGE 
WORK 
By CHARLES F. PARKER, M.E., 1884. 


RIVETING is an abstruse subject even when taken at 
its best, that is, when it is done as well as it can be in 
practice. No one can say with certainty just what 
stress a rivet in a piece of work is subjected to, because 
in most cases the conditions are such as to utterly defy 
analysis. To illustrate: Suppose we have two pieces 
of wrought iron fastened together by three % inch 
rivets. The shearing strength of the iron being 50,000 
pounds per cee inch, we should expect these rivets 
to stand 90,150 pounds before giving way, and they 
would do so if the plates were pinched tightly together 
so as to bring only a shearing stress into play. But if, 
as is frequently the case in practice, they are not 
pinched tightly together, the rivets are strained by a 
combination ofa shear and bend, and it will be im- 

»ossible to tell just how much they are capable of 
folding. To cover all such defects the designing “— 
neer must allow a very Jarge margin for safety, usually 
subjecting a rivet to a shear of not more than 7,500 
pounds per square inch ; and he must also insist upon 
rigid inspection in order to detect all bad work and 
remedy it as far as possible. 

The inspector's task is therefore a faultfinding one, 
and unless he is possessed of an extraordinary amount 
of tact, or is willing to let poor work pees, he generally 
manages to get himself ardently disliked by the con- 
tractor and his workmen. 

Almost the first thing which commends itself to his 
attention is the matter of loose rivets. A loosely driven 
rivet has only from two-thirds to seven-eighths of the 
shearing resistance of one tightly driven, and hence it 
is extremely important that the holes should be well 
tilled. The method of testing is by striking each rivet 
a light blow with a hammer, when the loose ones can 
be easily discovered, either by the sound which they 
give out or by the hammer appearing to cushion 
against them. A little practice will render one very 
expert, and it would be an easy matter to detect bad 
work if the rivets were left exactly as they were driven. 
There are tricks in all trades, however, and just here is 
the place for the riveter to get in one of them if he 
thinks he will not be caught by the inspector. He 
does not like to have his rivets condemned because they 
are loose, and it is a very easy matter to run a calking 
tool around the edges of those which are so. They 
wil) then feel and sound all right, and the mark of the 
calking tool will not be noticed unless it is especially 
looked for. Another way of accomplishing the same 
end, and a far more dangerous one, because it cannot 
be detected even by an experienced inspector, is to 
place the “snap” sideways upon the rivet and strike it 
two or three blows with asledge. It will then appear 
to be tight, partly because it is bent and partly be- 
cause the snap cuts a ridge in the plate and forces the 
metal against the head. All rivets tightened in this 
way show this ridge below the heads, but a-similar 
mark will often be made in shaping the head of a per- 
fectly tight rivet, so the inspector cannot condemn 
work simply because this mark appears. All such 
work should be regarded with suspicion, however, 
and a sharp watch kept upon the workmen. 

In testing, the inspector should always, if possible, 
to the “held up” head. Few inspectors do this, the 
majority preferring to strike the other side. A rivet 
may be perfectly tight on the head, while in conse- 
quence of poor heating it may be readily moved on the 
“held up” side. Besides, the riveter cannot tamper 
with that — of the rivet, and any mark there will 
show that he has been trying to conceal bad work. 

When arivet is found to be loose, it should be cut 
out and replaced by one tightly driven, except in some 
cases where the cutting would do more harm than 
could be made up for by having it redriven. This 
would be the case where there are three or more’ plates 
which do not assemble accurately, thus not giving a 
fair” hole. When the rivet is upset it fills the un- 
even space, and if an attempt is made to back it out 
the plates are strained or torn. In such cases it woul 
be better to allow it to remain. 

Almost ail text books on the resistance of. materials 
deprecate the drifting of rivet holes because of the 
weakening effect caused by it. Specifications fre- 
quently read: ‘ All rivet holes must be so accurately 
punched that when the several parts forming one 
member are assembled together, a rivet », of an inch 
less in diameter than the holes can be entered hot into 
any hole without reaming or straining the iron by 
drifts.” It is not usual to find work as accurately 
punched as this, and in most cases a certain amount of 
drifting is allowed, as the extra strength gained in 
reaming the holes would not be commensurate to the 
time spent upon it. 

This matter of drifting is, however, a subject of dis- 
cussion, as some engineers will not allow a drift pin on 
the work, while others, though not openly approving 
of them, look upon them as a necessary evil. The 
whole question resembles that of drilled versus punched 
holes. English engineers condemn the American 
practice of punching holes as barbarous, and say 
they should be drilled ; while the American engineers 
retort that they can afford to puta little more metal 
in the work and still save money on account of the less 
time consumed. Another defect to be guarded against 
is that of burned rivets. The only way of avoiding 
this is by having skilled heaters and watching them 
closely. There is no way of telling after a rivet has 
been driven whether it is burned, for the head may 





look perfectly good while the shank is badly damaged. 
Sometimes one seemingly perfect will snap off at the 
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first blow of a sledge almost as if it were tempered 
steel ; whereas if it had not been injured it would have 
taken twenty or thirty of the same blows to cut it off. 
The ourning of rivets is not always accidental. Often, 
if the rivet is so long as to more than fill the snap, the 
heater will “ waste” the end; that is to say, he will 
burn it so badly that it will crumble off. Of course, 
this also affects that part of the shank which remains, 
and should be prohibited. 

These are the principal points which the inspector of 
riveting should watch. There are many others which 
will arise on every piece of work; but they are minor 
ones, and are, as a rule, easily discovered and the con- 
sequent bad work rectified.—Stevens Indicator. 
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V. PUMPING MACHINERY: ANCIENT AND MoDERN.* 


BEFORE proceeding to give an account of the recent 
improvements referred to in pumping machinery, let 
us for a moment consider what is required to be done, 
in order that large volumes of water may be raised in 
the best possible manner and with the best possible 
economy. 

Among the first things the practical engineer should 
know, and among the last things he will, after becom- 
ing such, forget is that, in handling water within pipes, 
he has a fluid which, while it is flexible to the greatest 
extent, and is susceptible of the influence of power or 
force of greater or less intensity, and while it may be 
drawn from below and raised to the heights above, can 
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and improperly constructed valves, the puwp itself 
has little or nothing to do with the action cf the water 
column or the economical use of the steam. The man- 
ner in which the steam power is connected to the pump 
controls the first, and the method in which the steam 
is expanded controls the latter. It has previously 
been shown that with the stored-up power in the 
beam and weighted plunger of the Cornish engine, and 
in the power stored up in the revolving fly wheel of the 
crank and fly wheel engine, it is sible to get a good 
economy in the use of steam. Now, but for the per- 
verse stubbornness in the water itself (and to which I 
have alluded), it would seem an easy task to make a 
verfect steam pumping engine, but it is just in such 
instances that the best laid plans of the engineer often 
go wrong. 
In the Cornish pumping engine, the water in the 
rising column will not start into motion rapidly or 
come to a rest suddenly at each end of the stroke of 
steam piston without serious shocks, unless at a slow 
speed of the piston ; and a slow speed of piston means 
loss of economy in the use of the steam. In the crank 
and fly wheel pumping engines, the time at which the 
water column ins to move, and the varying rate of 
speed at which it moves during the half stroke of the 
erank, as well as the time at which its motion ceases, 
all depend on rigid, unyielding connections which 
couple the steam cylinder and pump to the revolv- 
ing fly wheel with its stored-up power, through the 
medium of acrank and crank shaft ; a power which 
in its movements does not seek to adapt itself to the 
peculiarities of the column of water within the pipes, | 
but which seeks to overcome them by superior force. 
In the duplex direct-acting pump, the water coluinn 
is connate to the steam cylinder by and through the 





pump plunger alone, and without the use or interven- 
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be turned to the right or to the left at will, and while, | tion of heavy moving parts, or through the positive, 


with a seeming docility which is as flattering as it is 


unyielding action of cranks, driven by heavy fly wheels. 


deceptive, it bends itself to the will of the engineer ;| In other words, the only power that is exerted on the 


still there are some things it will not do, and which all 
the complicated appliances of the engineer have as 
yet failed to compel it to do. When inclosed with- 
n chambers and pipes, to an extent that fills them, 
it will not permit the introduction of an added atom 
without bursting its bounds. While inclosed within 
long lines of pipes, it will not suddenly start into mo- 
tion, or when in motion, suddenly come to a rest, 
without shocks or strains more or less disastrous ; 
and so, while it seems to be handled with the 
greatest ease, it is only in the manner it chooses to 
go, and all mechanical appliances not designed with 
reference to following these imperative laws are sure 
to meet trouble, if not disaster. In other words, when 
an unyielding force meets an unyielding resistance, 
their coming together means a shock to all about. 

The perfection of steam pumping machinery would 
be to use the steam so that, by cutting it off within 
thé steam cylinder, and by subsequent expansion in 
the same or other cylinders, its expansive force would 
be developed to the highest limit and to the most 
economical extent. When that is done, we have ac- 
complished all that, with our present knowledge of 
the steam engine, can be done. Having thus perfected 
the power end of a pump, the next and important 
thing to do is to connect that power to the pump in 
such a manner as that it will produce the best results 
so far as the stability and permanence of the machine 
and its connections are concerned. 

As to the construction of the pump itself, little or 
nothing need now be said. They differ only in the 
minor details of their construction; and except for 
crooked and cramped passages, insufficient valve areas, 
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water column is the direct elastic power of the steam. 


| When we remember how inelastic and unyielding water 


is, when confined within pipes, we can well imagine 
what will be the result of unyielding motion and power 
when it comes in contact with such an unyielding fluid 
as is water. To better illustrate the difference in the 
effect produced by these various kinds of pumping en- 
gines, it may be truly said that it would be quite im- 
possible to handle under pressure a long column of 
water with a crank-moved pump, without the use of a 
chamber filled with air, also under pressure, on the 
line, which would by its elasticity serve as a cushion, or 
buffer, to take up the conflicting blows which take 

lace between the power and the resistance in pump- 
ing machinery of this kind, and to reduce them as far 
as possible in order to insure the safety anc stability 
of the surrounding parts. 

As an illustration of the different effect produced by 
the steam-moved direct-acting pump, it may be said 
there are now in use pumps of this class exerting over 250 
horse power, delivering five million gallons of water in 
twenty-four hours, through main pipes say thirty inches 
diameter and fourteen miles long, without the use of 
an air chamber, and which do the work so quietly, so 
steadily, and so gently, that a nickel coin set on edge 
at the extreme end of the pump would not be over- 
thrown by any jar or motion of the pump while it was 
doing this work. 

A still further test of the superiority of this method 
of moving and controlling long columns of fluids under 





extreme heavy pressures was made at the time of the 
introduction of long pipe lines for conveying oil from 
the wells to the seaboard, After trying various kinds 
of pry for forcing the of! through these long pipes. 
and after having a succession of disasters in the way of 
paeat popes and leaking joints, it was decided to test 
the efficiency of the direct-acting duplex steam pump. 
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These pumps were placed in the various stations 
along the pipe lines, and after a continued service of 
many years, have shown their perfect adaptation to 
that exceptionally hard service. These pumps convey 
the oil over mountains where at times the coupled lines 
have been over one hundred miles long between the 
pumps, and where the pressure on the plunger of the 
pulp sometimes rises to 1,500 lb. per square inch. 

Owing, as it has been shown, to the peculiar adapta- 
tion of, and the ease with which the direct-acting pump, 
as described, meets the requirements of a nedvants 
engine for raising water, it may be said without hesita- 
tion that no poet ng engines have ever been construct- 
ed which will raise the same quantity of water against 
the same pressure, with the same weight of metal in its 
construction, the same inexpensive foundations, the 
same simplicity cf parts, freedom from shocks in the 
water column, and at an equal low cost of construction 
and low cost of repairs as now do the modern improved 
direct-acting duplex steam pumps. A careful consider- 
ation of the above statement will reveal the fact that 
there is omitted in the enumeration of the unequaled 
combination of good points only one thing to complete 
the list, and which, if added, would place this ciass of 
pumping engines beyond all competition. That one 
thing is the same economy in the use of steam. 

Inasmuch as it would not be possible to use weighted 
plungers, cranks, and fly wheels in order to bring about 
this much to be desired result, without entirely destroy- 
ing some of the most valuable and distinctive features 
of this class of pumping engines, it has been thought 
impossible to secure this one lacking improvement of 
being able to cut off the steam within the steam cylin- 
ders, and thus greatly increase the ratio of expansion 
and the attendant economy of steam, and at the same 
time preserve a uniform pressure of power on the pump 
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plunger and the same uniform movement of the water 
column. 

To accomplish this much sought for result was left 
to the genius and invention of the son of the man who 
first invented the direct-acting steam pump previously 
spoken of, as “ the little pump of the canal boat,” and 
which was the forerunner of the magnificent pumping 
engines nowin usein this and other countries, and 
which in the simplicity of their construction and pre- 
cision of action have excited surprise as well as ad- 
miration in the minds of all engineers who have seen 
them in operation and who have noted the results 
they produce. 

It was my purpose at the outset to make the de- 
scription of this invention the special feature of this 
paper: to illustrate by drawings and diagrams the 
wonderful adaptation of the device employed to the 
end sought, and to show by indicator cards the surpris- 
ing results it has produced ; but the whole subject has 
widened out to such an extent as that it has already 
——- much more of your time than I intended, and 
I will be now obliged to give somewhat briefly the out- 
line only of the description of an invention which by 
its novelty, as well as its importance, is worthy of a 
more extended treatment, and by a more skillful lec- 
turer. ¥ 

In addition to its recent application in several large 
pumping plants in this country, it has as well been ap- 
plied in several recently constructed water works in the 
vicinity of London, England, where the results obtained 
have been so remarkable as to awaken much interest 
among English engineers, several of whom have made 
careful tests of their performance, the reports of which 
have recently been added to the engineering literature 
of the day, and which proves to be very interesting 
reading. 

Returning to the description of the compound cop- 
densing direct-acting duplex pump, it will be remem- 
bered that the one needed improvement was some de- 





vice or attachment by which steam power could be 
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stored up at the beginning of each stroke of the piston 
and ven out again toward the end, in order to still 
further promote its economy. Such a device would, if 
properly constructed, permit the use of high pressure 
steam at the commencement of each stroke, and of its 
being cut off during a portion of the stroke; thus 
enabling less steam to do the same work, and of course 
with a corresponding saving of fuel. P 

As illustrating the peculiar adaptation of this kind of 
pump for handling water, it may be said that an indi- 
cator card taken from the water end is practically a 
parallelogram. In order to produce such a card, in 
which no irregular lines reveal the irregular action of 
the power used in driving the pump, it is evident that 
when driven by the direct force of the steam on the 
pump planger, the steam card must also be a parallelo- 
gram as well. 

Now, were we to introduce steam in such a cylinder 
at the beginning of its stroke, which was of a much 
higher pressure than was necessary to move the column 
of water, the result would be an excessive pressure at 
that point on the water, which would not only distort 
the water card and which would be shown by the in- 
dieator, but it would as well bring excessive shocks and 
strains upon the pump and its connecting pipes. On 
the other hand, to cut off the steam in the cylinder at 
any point during the stroke of the piston would be to 
reduce the power below the point necessary to move 
the water column, and the pump would stop short of 
its full stroke. 

This newly invented and ingenious device, which is 
intended to permit the cutting off of the steam in the 
steam cylinder and its subsequent expansion, while at 
the same time the force exerted by the steam up- 
on the pump plunger shall remain uniform during 
the entire stroke, may be briefly described as follows : 
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between the area of the air piston and the ram of the 
accumulator. This difference of areas is a watter of 
calculation based upon the particular service for which 
the pump is constructed. The pressure in the air 
cylinder is controlled by the pressure in the. main de- 
livery. pipe of the pump, as it is connected to the air 
chamber on the main delivery. The peculiar and im- 
portant effect this arrangement has on the operation 
and success of the “high duty pumping engine ” will 
be shown later on. 

Having described briefly the construction of this new 
and novel attachment to the direct-acting duplex pump, 
I will now deseribe as best I can without a model its 
effect on the operation of the pump. 

We will sup the pump about to begin its out- 
ward stroke. t this time the compensating cylinders 
will be turned so as to point toward the outer end of 
the pump, with their plungers at the extreme point of 
their outward stroke, and at an acute angle with the 
pump plunger rod, and with the full pressure of the 
accumulator load pushing them against the advance of 
the pump plunger. As the pump plunger begins its 
outward stroke, each forward movement it makes 
changes the angle of the compensating plungers, until 
at one-half stroke the two plungers will stand exactly 
opposite each other and at right angles with the pum 
pl ungers, and of course in a position where they can nei- 
ther retard nor advance the movement of the plunger. 

Now, as the pump plunger passes the center of its 
stroke, the compensating plungers, being as before said 
attached to the crosshead of the pump plunger rod, 
begin to turn in an opposite direction from which they 
started, and by degrees, owing to the increasing acute- 
ness of the angle they make with the plunger rod, 
they begin to exert a power to push iro plunger 
along, whereas, before and up to the half stroke, they 








we have under consideration. You see that the admis- 
sion line is straight, and perpendicular to the line of 
pressure; this is owing to the facet that in pumping 
engines of the kind we are describing there is a slight 
pause at the end of each stroke, which not only allows 
the pump valves to seat themselves quietly, but it as 
well fills up the clearances and steam ports to the fall 
steam — before the piston starts. In this dia- 
gram XX represents the line of the atmosphere and YY 
the line of the zero pressure. The power exerted in 
this cylinder up to the point of cut-off, and from that 
to the end of the stroke, is shown by the line /m nop 
g7rstuv, whieh is the steam line of one stroke of the 
piston, The return stroke is shown by the exhaust 
and compression line, k jihg fedcba. The result- 
ing ae in this cylinder will be the pressure above 
the line Y at each of the ordinates, less the back pres- 
sure at the same ordinate. If we take this resultant 
pressure, and apply it to the same number of ordinates 
all of which shall start from one common base Jine, we 
will have a curved line which resembles Fig. 2, in 
which the line a’ b'c' d' e' f' g' h' i 7 k’ will show the 
available steam pressure at each part of the stroke of 
the piston. 

In Fig. 3 we obtain by the same process the line of 
pressure in the expanding steam cylinder, on the same 
number of ordinates, and from each ordinate of which 
we must, as before, subtract the back pressure above 
zero pressure. When we have done so, we will have 
the total pressure line of the expanding steam cylinder 
as shown in Fig. 4. In order that we may make a 
comparison of the pressure in the expanding cylinder 
with the high pressure card, we must multiply the 
total pressure shown on each ordinate by the ratio of 
the areas of the two cylinders, which in this case is 
four to one. This will produce the curved line shown 


FIG. 3. 
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resisted the movement of the plunger. This pushing|on Fig. 5. Now that we have the line of pressure 


To the ordinary compound direct-acting steam pum 
as usually built there is attached a plunger rod Laem 4 
projects through the outer end of the pump chamber, 
and around which there is the usual stuffing box for 
packing the same. On the end of this plunger rod is 
fastened a crosshead which moves in guides that are 
bolted on the outer end of the pump. On this cross- 
head, and opposite to each other, are semicircular re- 
cesses. 

On the guide plates are cast two journal boxes, one 
above and the other below the plunger rod, both equi- 
distant from it, and at a point equal to the half stroke of 
the crosshead. In these journal boxes are hung two 
short cylinders on trunnions, which permit the cylin- 
ders to swing backward and forward, in unison with 
the motion of the plunger rod. Within these swing- 
ing cylinders are plungers, or rams, which pass through 
a stuffing box on the end of the cylinder, and on their 
outer end they have a rounded projection which fits in 
the semicircular recesses in the crosshead, and conse- 
quently, as the crosshead moves in or out of the pump, 
it carries with it these two plungers, which in turn tilt 
the cylinders backward ond Wertnah, 

These swinging cylinders are called ‘“ compensating 
cylinders,” and they are filled with water, except when 
the pumping engines are used on oil lines, when they 
are filled with oil. 

The pressure on the rams within the compensating 
cylinders is produced by connecting the compensating 
cylinders through their hollow trunnions with an acca- 
mulator, the ram of which moves up and down, as the 
rams of the compensating cylinders move in and out. 
The accumulator used is of the differential type, that 
is, it has below a small cylinder filled with oil or 
water, in which its ram moves, while above it has a 
much larger cylinder filled with air. On the top of 
the ram of the accumulator is an enlarged piston head 
which fits closely in the air cylinder. So it will be seen 
that the pressure per square inch on the ram of the 
accumulator will be the pressure of the air in the air 
cylinder per square inch multiplied by the difference 


force increases constantly until at the extreme end of 
the outward stroke, and when the accumulator plung- 
ers are, as at the beginning, at their most acute angle, 
they exert their greatest force in helping to aid the 
pump plunger in its outward movement. 
haps, unnecessary to add that the return stroke of the 
pump is made under precisely the same conditions as 
the previous stroke. 








of each steam cylinder brought to the same basis, we 
can add them both together and find at once what is 
the total pressure, or power, that both the steam 
pistons exert during each stroke of the pump, and also 


It is, per-| just what proportion of that power is exerted at each 


particular part of each stroke. This adding together 
of all the forces of a steam compound condensing en- 


| gine, under the conditions previously described, will 
If we were to convert the movements of the compen-| produce a card as shown in Fig. 6, a figure which at 


sating plungers into a diagram which would illustrate | first glance would seem to be the farthest possibie 


would be shown a line of resistance above that zero 
line, which would be the exact result of that resistance 
at each point in the first half of the stroke: and it 
would also show on the last half of the stroke the 
same curve of power given out again. The uliar 
shape of this curve is the result of carefully calculated 
arrangement of the details of construction, and it. can 
be made to conform very close to the curve of the pres- 
sure line in the steam cylinder at almost any point of 
steam cut-off. 

Having now considered the pump end of a direct- 
acting steam pump to which there is attached this new 
device for obtaining a high rate of fuel economy, we 
will now turn our attention to the behavior of the 
steam in the steam end of such a pump. We will 
assuine that the pump is driven by compound cylin- 
ders, in which the area of the expanding cylinder is 
four times that of the high pressure cylinder. In at- 
tempting to deseribe the action of the steam force 
exerted on a direct-acting pump, I am embarrassed by 
the fact that I cannot produce before you drawings on 
the blackboard that will have to any considerable 
extent the accurate outlines of indicator cards. So you 
es be obliged to believe rather what I say than what 

show. 

Fig. 1 represents an indicator card taken from the 





high pressure cylinders of such a pumping engine as 





the power they receive and give out, we would have a/|curve from what is required to move a pump plunger 
curved line having a point at the half stroke in which | which in its effect on a water column is to show a card 
there would be no power exerted, while at one end |‘ vertical at each end, and parallel on each side.” 


It 
was for the purpose of producing this much to be 
desired, although seemingly impossible, result, that 
the high duty attachment was invented, and, as I hope 
to show, it has accomplished. 

In order that I may the better explain how this is 
brought about, we will draw a figure which shall repre- 
sent the pressure of water on the pump above the 
atmosphere line, us well as the pressure, or as it is best 
known, the suction line below the atmosphere line, the 
total of which will be shown on Fig. 9, Fig. 8 being 
omitted as simply showing how these combined pres- 
sures are obtained. 

We see in Fig. 9 the result we wish to produce, and 
in Fig. 6 the means we have of producing this result ; 
and, as it must be remembered, by a piston which 
is connected directly to the pump plunger, without 
the intervention of cranks, shafts, or fly wheels. In 
order to make a graphic illustration of the difficulties 
to be overcome, as well as the means employed to 
overcome them, we will on top of this line of the water 
card pressures, and on the same base line, draw the 
pened or propulsion line, so that we can see how they 

t each other. 

This is shown by Fig. 11, in which awwk are the 
outline of the water load or pressure on the pump, or, 
as we may say, the resistance which is to be overcome, 
and a a’ k’ k is the outline of the force exercised by the 
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steam cylinders during the same stroke as was shown by | neutral or no pressure line, and the ordinates a b c d e 
Fig. 6. The intermediate letters show the steam power | fg hij k are equal divisions of the stroke correspond- 
exercised at each part of the stroke, f' f* being thehalf| ing with the ordinates shown on the steam pressure 
stroke of the pump. In looking on this arrangement | cards, f being in both instances at the half stroke of 
of the two diagrams, it will be seen that at the begin-|the pump. The figures shown below the pressure dia- 
ning of the stroke of the pump the steam pressure is| gram represent the position of. the plunger cylinders 
largely in excess of what is required to move the water, | at the beginning of the stroke, at one-quarter, one-half, 


while at the end of the stroke it is far below what will 
required to do so, and that it is only at the half 


be 


three-quarters, and full stroke, and it also shows what 
is the effect of the influence exerted by these cylinders 


stroke that the steam pressure and water resistance | at these varying points on the stroke of the pump. 


are equal, and that, under the conditions as shown, 


a’ E1C Bs 










ose meee socccoe on. 








At the beginning of the stroke, a’ 1’, and when the 
accumulating plungers are at their outer stroke, it will 
take an amount of power equal to a‘ l’ to push the 
plungers of the compensating cylinders in, against the 
preesure that is on the end of them; as the plungers 
are driven in, the angle of the inclination of the plang- 
er to the center line of motion increases, and it takes 
less power to push them in, and asa consequence the 
line of the resistance is less and less at each ordinate, 
until we arrive at the half stroke, where the plungers 
standing at ninety degrees, each being opposite the 
other, they are at a neutral line, where they exert no 
influence on the progress of the pump plunger in any 
direction ; but as the plunger moves on, the coimpen- 





trace its influence, by placing this curve on the same 
water card as we did the steam ter egg eurve. This 
brings us back to Fig. 11, in which the line a k takes 
the place of the line a b, Fig. 7. Above and below 
this line, we construct the same curved line as is 
shown in Fig. 7, and which crossing the same number 
of ordinates as have the other cards, shows exactly 
on each ordinate the influence it exerts on the pump at 
that particular point of its stroke. With this diagram 
before us, in which is seen first the amount of power 
required to move the water column at a steady, uniform 
pressure through one stroke of the pump, and in which 
we have the steam pressure line which is to move it, 
and also the line of useful effect of the compensating 
cylinder, we will now examine what is the combined 
effect of all these forces. 

We will assume that the left hand vertical line is the 
beginning of an outward stroke of the pump, just 
as we have assumed for a previous outward stroke. 
We see at the very start that the line a w is the 
amount of power required to move the water, but we 
have the line @ w a‘ asthe steam power we have put on 
the pump at this point, and we see that the power in- 





closed within the lines w a" b" c’ d" e" f" is just so 
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that is the only point where they would meet on equal | sating plungers acted on by the pressure of the accu-| much more power than we want. 


terms. To put this high — of steam on the 
pump plunger direct would at once and by a sudden 
jump raise the water pressure far above the point 
shown, and witha shook the result of which it would 
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|mulator begin to press out ward, and as they leave the 
center perpendicular line they begin to exert an in- 
| fluence in helping to push the pump plunger along, 
which influence constantly increases until the plunger 





be hard to estimate; while the fall of the steam pres-| arrives at the outer end of its stroke, when the plung- 
sure after it passes the center of the stroke would soon | ers of the compensating cylinders give out their great- 
bring the pump plunger to a stop, which by its sudden- | est foree, and which is exactly the foree put into them 





ness would produce a shock not unlike that at the 
beginning of the stroke. 

ving for the time being this somewhat puzzling 
problem, we will again refer to the action of compensat- 
ing cylinders, of an area of plunger and under a pres- 
sure of water that would adapt them to a pump operat- 
ing under the pressure of steam and water resistance, 
asshown by the previously given figures. This will be 
graphically shown by Fig. 7, in which the line A Bisa 


; at the beginning of the stroke. This line of resistance 
and of impulse can be varied by changing certain fea- 
tures, of the construction, but, as shown in the dia- 
gram, it is calculated to suit the steam pressure, and 
cut off,.of the steam pump we have undertaken to de- 
| seribe. 

Having constructed another and new line of curves 
which show a retarding as well as an advancing effect 








on the power brought to bear on the pump, we will now 
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Now, tf we look at 
the lower left hand corner, we will see that the space 
inelosed between the lines a a’ b' c' d' e' f ande debe 
represents the amount of steam it takes to push in the 
plangers of the accumulating cylinder, and it adds just 
that amount of resistance to the advance of the plunger 
Atf’ f” we have arrived at the half stroke, and here we 
tind the steam pressure is just equal to the resistance 
of the load, or head of water on the pump; but as we 
pass this point on to the end of the stroke, we find that 
the area inclosed within the lines f' wk’ j" dh’ g’ 
represents the amount ef power which by reason of 
the expansion of the steam (which in the pumping en- 
gine described is sixteen to one) falls below what is re- 
quired to dothe work. It is at this point that the com- 
pensating cylinders come to the rescue, and give out 
the power which by reason of the high steam used at 
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the beginning of the stroke was stored up in them ; 
and the space inclosed within the lines fg hi7k and 
k' j th' g f represent the stored-up power they now 
rive out. 

: As the diagram is now constructed, the space inclosed 
between the two curved lines would represent the total 
net power exerted by the steam direct, as well as 
through the compensating cylinders, while the space 
inclosed within the parallelogram represents the resist- 
ance to be overcome in moving the water column. 
Now, if you will measure the length of any one of 
these ordinates between the curved lines, and which 
represents the power exercised at that particular part 
of the stroke, you will find that it exceeds but a very 
little the resistance of the pump.plunger at the same 
point; the excess of the power being jast what is re- 
quired to keep up the speed of the pump. 

While I have, perhaps, described this new and beau- 
tiful invention with a minutenes that was unnecessa- 
ry, I have done so under the impression that there are 
many persons who look upon these engines when in 
use, who have no clear idea of the functions performed 
by the compensating cylinders ; and who know of the 
exceedingly high duty they give, but without an idea 
as to how such a result is brought about; and for the 
further reason that the literature on this subject is, as 
yet, very meager. 

In addition to the surprising manner in which this 
‘‘high duty attachment” falfills the seemingly last and 
only want of the direct-acting steam pump, to enable 
it to become the steam pumping engine of the future, 
there are other reasons why the use of compensating 
cylinders is exceedingly desirable. While it has been 
shown they perform equally well the functions of heavy 
fly wheels, in distributing the power applied equally 
through the entire length of the stroke, they do so by 
using far less material in their construction, and by oc- 
cupying far less apace. There are now pumpin 
engines in use in which the compensating cylinders an 
their attachments do not weigh 4,000 pounds, and 
where it would require in order to produce equally satis- 
factory results ina —s ne,a fly wheel which 
would have to be twenty feet in diameter and weigh 
100,000 pounds. 

Another and equally important feature connected 
with the use of compensating cylinders is that they 
produce equally good results when the pump is moving 
at low speeds as when moving at high speeds, while it 
is well known that when a fly wheel is employed in 
connection with pumping, it only produces its best 
results when run at the one particular speed for which 
it was designed,and when for any reason the pump 
is run ata slower speed, the usefulness of the pump 
is impaired just in proportion as the speed decreases. 
There is also in the use of the device described an ele- 
ment of safety which is of much value. In a fly wheel 
pump, if at any time when the pump is working 
up to its maximum speed an accident takes place, 
such as the bursting of a pipe or the blowing out 
of a joint,and the pressure is suddenly released, the 
fly wheel, by reason of the mass of metal in its rim, 
and with its stored-up power, instantly starts off at a 
speed which, unchecked by the attending engineer, 
would soon produce disaster. When compensating 
eylinders are used, they derive their power through 
the accumulator, which in turn is connected with and 
derives its power from the pressure in the main delivery 
pipe. Now, if the pressure in the main pipes should 
suddenly drop by reason of a breaking of pipes, the 
pumping engine would at once stop, for the reason 
that it has no mass of metal in motion to impel it for- 
ward, and for the further reason that the power of the 
accumulator would be gone and the action of its own 
valves would shut off the steam. 

There are other features connected with the details 
of the coustruction and attachment of these compen- 
sating cylinders which further illustrate the ingenuity 
of their invention and.their peculiar adaptation to 
supply the long-felt want of some contrivance by which 
to use steam in the class of pumps referred to, at its ut- 
most economy. But I have occupied your time far be- 
yond what I had in mind at the beginning. My apology 
is that, aside from the fascination of the subject, its 
novelty, as well as its usefulness, there has never be- 
fore, so faras I have known, been published any deserip- 
tion of this invention, that undertook to give with any 
degree of minuteness of illustrated description the 
principles involved in the construction and opera- 
tion of “the Worthington high duty attachment” as 
applied to direct-acting steam pumping engines as they 
are now being built in Europe and America. Besides, 
it isa rare combination of events that permits us of this 
generation to witness the beginning, growth, and cul- 
mination of an invention which relates to an art or 
process so old that the genesis thereof has long been 
lost, but which through all ages has enlisted the 
thought and study of the ablest minds, but in which 
it was left toa man of our time to originate, and his 
immediate successors to perfect, a mechanism to pro- 
duce these long sought for results, which promises to 
revolationize all the old methods of raising water by 
the aid of steam. 

And it should be as well a matter of gratification as 
of pride to all, to remember that for all this we are in- 
debted to American schools and American engineers. 








THE AMERICAN ENGINEERS IN ENGLAND. 


THE American engineers who recently went over to 
the Paris exhibition were entertained by the mayor of 
Liverpool, June 6. On the 7th, two parties were con- 
veyed —_——— trains to the Crewe Locomotive Works 
of the pdon and North-Western Railway and the 
Horwich Locomotive Works of the Lancashire and 
Yorkshire Railway respectively. The works at Crewe 
have been so often described that any detailed deserip- 
tion of them is unnecessary, and they could only be 
hurriedly gone through by the visitors, who, however, 
were deeply interested in all they saw, and at the close 
of the inspection they were entertained at lunch by the 
company. 

The works, however, at Horwich are entirely new, 
and, ia fact, are seareely yet completed in every depart- 
iment. The building of these works was commenced in 
1886, and they are still in an incomplete condition. 
The land ineclosed for the works includes 85 acres, and 
the covered area of workshops is 13% acres. The 
workshops comprise offices, general stores (with gal- 
lery), boiler shop, smithy, forge, steel foundry, iron 





and chain foundries, boiler house, brass foundry, tin 
and copper smiths’ shops, telegraph, mill wrights’ 
joiners’, and pattern makers’ shops (with gallery), and 
pattern store ; fitting, points and crossings, and signal 
shops; spring smithy, erecting shops, engine shed, 
— shop, chain testing shop, and chain smithy. 
he carriage of materials from stores and work to their 
several shops is done by means of tramways, 18 inch 
uge, of which there are five miles, the heavy work 
Cote drawn by small locomotive engines specially 
built for the purpose. The departments which were of 
most interest to the visitors were the boiler shop, steel 
foundry, fitting and erecting shops, and of these it will 
be interesting to give a few details. The boiler shop, 
consisting of a, well lighted building, 364 feet long by 
111 feet wide, and fitted with a pair of a ulps 
and accumulator, two large fixed hy raulic riveters 
for boiler work, each having hydraulic overhead crane 
for lifting boilers when riveting, three portable hy- 
draulie riveters on swing cranes, bolted to walls and 
columns, and three overhead traveling cranes. 

In addition, the ordinary machine tools of a boiler 
shop are provided, together with special machines for 
drilling, ete. The steel foundry, 150 feet long by 111 
feet wide, is fitted with two Siemens-Martin regenera- 
tive furnaces, having a high-level tramway for carrying 
the ladie and a narrow-gauge tramway beneath for 
mould trolleys. A wey runs through to the forge 
and rolling mills. The fitting shop, which is 400 feet 
long by 111 feet wide, is fitted up with a large number 
of special machines for dealing with locomotive work, 
including a large milling tool for cutting out crank 
axle webs, crank axle lathes, milling, planing, and slot- 
ting machines, 

These are driven by two wall engines placed at the 
end of the shop, giving motion by means of bevel gear- 
ing to four ranges of shafting running longitudinally 
and to three 5 ton high-speed rope-jib traveling cranes, 
which control the principal heavy machines. The 
erecting shop is 1,520 feet long by 118 feet wide. This 
shop has been arranged for the repairs of existing and 
the building of new engines and tenders, and is sup- 

lied with twenty 30 ton overhead power cranes driven 

y wall engines. Access for the engines to the center 

ositions of this long shop is obtained by two traverses. 
Wheel lathes are placed at various positions for con- 
veniently dealing with wheels taken from engines un- 
der opt 

At the close of the inspection, luncheon was provid- 
ed by the directors of the Lancashire and Yorkshire 
Railway Co. Inaddition to the American engineers, 
there were present Mr. Daniel Adamson, Mr. Thomas 
Ashbury (secretary of the Manchester reception com- 
mittee of the Institute of Civil Engineers), Mr. C. E. 
Fletcher, Mr. J. Knowles, Mr. W. Radford, Major Hale 
(American consul in Manchester), Mr. W. Thorley (gen- 
eral manager of the Lancashire and Yorkshire Railway 
Co.), and Mr. J. A. F. Aspinall (chief mechanical en- 
gineer) Luncheon over, ten minutes was devoted to 
speech making of a complimentary character. 

The party then proceeded to a special train, by which 
they were conveyed to Manchester, and the afternoon 
was devoted to visits to the Owens College, the Lan- 
eashire and Yorkshire Railway Co.’s carriage works at 
Newton Heath, the Salford Corporation sewage works, 
and other places of interest. 

In the evening, the American engineers and the ladies 
who accompanied them were received by the mayor 
and mayoress, and subsequently entertained by the 
Manchester reception committee of the Institution of 
Civil Engineers at a banquet presided over by the 
mayor at the town hall. The company numbered 
about 200. 

A large party of the American engineers inspected 
the Salford and Barton portion of the Manchester Shi 
Canal on June8. They were accompanied by Mr. W. 
Radford, chairman, and Mr. T. Ashbury, secretary, of 
the Manchester reception committee ; Mr. 8. R. Platt, 
representing the directors of the Ship Canal Company; 
Mr. Leader Williams, engineer ; Mr. Walker, contract- 
or; Mr. E. H. Carbutt, of the Iron and Steel Insti- 
tate; Mr. W. Goldthorpe, and other gentlemen. 
Thanks to the contractor, Mr. Walker, every facility 
was provided, and the weather being fine, the works 
were seen to great advantage. The visitors were first 
of all shown over the dock works, which were fully ex- 
plained by Mr. Leader Williams, who, having spoken 
of the natural advantages to be obtained here, ex- 
pressed the opinion that the docks would be the cheap- 
est ever made. Leaving Salford, the party were taken 
to Pomona, where they had an opportunity of seeing 
dock ccnstruction in the earlier stages. From Pomona 
the train conveying the visitors passed on to Barton, 
Mr. Williams explaining the works as it proceeded, and 
directing special attention to a long, deep cutting effect- 
ed by a single excavator since Christmas. At ton, 
of course, interest centered mainly upon the swing 
aqueduct scheme. The difficulties of the engineer in 
the first instance were obvious ; and Mr. Williams, at 
the close of a very lucid explanation of his methods of 
meeting those difficulties, was rewarded with a round 
of applause. The train now passed on some distance 
beyond Barton, and on the way attention was specially 
directed to the lock works at Barton and Irlam. Inei- 
dentally Mr. Williams stated that the company had to 
deal with five lines of railway which would be carried 
over at a very high levei. new railways would be 
completed, tested by the government authorities, and 
opened six months before they discharged the old lines. 
In the same way the old aqueduct at Barton would be 
retained until the new one was ready. On the return 
to the Salford docks, Dr. Emery, of Brooklyn, said 
they wished to record their thanks for their reception, 
and he called upon Mr. Hunt. of Pittsburg, to propose 
a resolation to that effect. Mr. Hunt said he knew he 
expressed the sentiments of every one of the American 
engineers in asserting that they had an enjoyable 
and instructive morning. In fact, from an engineering 

int of view, it had been one of the events of their 

ives to see and learn all about the work open the 
ship canal. They were deeply indebted to Mr. Walker, 
also to Mr. Leader Williams, for the courtesies extend- 
ed to them all along the route. He moved a vote of 
thanks to those gentlemen and to the directors, and 
also to Mr. T. Ashbury, the indefatigable sec of 
the reception committee. Mr. Carbutt, who ‘ 
said the Manchester Ship Canal was the largest work 
that was going on in England at the present time. The 
motion having been carried with three cheers and a 
“tiger,” Mr. 8, R. Platt acknowledged the compli- 


ment on behalf of the directors, who said they knew 
they were going on in the right way, and the know- 
ledge gave them great encouragement in their under- 
taking: They were very pleased to see the American 
engineers, and he hoi the time was not far dietant 
when visitors from their side of the Atlantic would be 
brought by steamer all the one, from New York to 
Manchester. Mr. Walker aiso briefly acknowledged 
the vote of thanks. 

In the afternoon the Americans to the number of over 
100 ladies and gentlemen were the guests of the e * 
tion committee at a luncheon at the Grand Hotel. r 
Radford presided, and he and Mr. Ashbury gave ex- 

ression to kind wishes for the success of the tour in 

ngland. Mr. Kent, for the Americans, said their 
reception so far had exceeded all their expectations, 
and they were full of gratitude to their English breth- 
ren. 

The American engineers attended service in West- 
winster Abbey, and were afterward conducted round 
the buildi by Dean Bradley, who delivered an 
address in Henry VII.’s Chapel on the saered and 
historical associations of the abbey. 

In the afternoon the visitors attended a reception by 
Sir John Coode, president of the Institution of Civil 
Engineers, at Great George Street, Westminster. 

e following gentlemen were especially welcomed 
by name as representing various branches of the pro- 
fession in America: Mr. D. J. Whittmore, past _— 
dent of the Society of Civil Engineers; Mr. H. R. 
Towne, president of the Society of Mechanical En- 
gineers ; fessor Elihu Thomson, president of the 
Society of Electrical Engineers; Professor R. H. 
Thurston, of Cornell University ; Dr. C. E. Emery and 
Mr. T. C. Clarke. The name of Mr. A. E. Hunt was 
also mentioned, although that gentleman could not be 
present. After cordially welcoming the guests gen- 
erally, the president read an address of welcome on 
behalf of the council. 

Professor Thurston, in reply, cordially thanked the 
institution for the i which the visitors were 
enjoying, exceeding as it did anything they could 
have imagined. They who had done so much in the. 
new world had come over to see what the later work in 
the old world had been. The occasion was trul 
memorable, and could not fail to become historical. 
For the first time they had the spectacle of a great 
body of members of all branches of the profession com- 
ing across the seas to meet their brethren not only of 
Great Britain, but also of the whole world. He looked 
upon that meeting as an assurance that when en- 

neers had advanced civilization a little further, all 

hristendom would be more and more united in 
brotherly bonds, and legislatures would govern solely 
in accordance with the true interests of the people. 
On behalf of the whole profession in America, he tend- 
ered to the members of the Institute the heartiest 
thanks for the hospitality of which they were the 
gratified and grateful recipients. 

The president mentioned that copies of the address 
would be sent to each of the four engineering institutes 
in America, and the proceedings terminated. 








GAS SCALE. 
By JAMES ASHER. 


My device tells ratio of gas bulk to normal. Use it 
on Galileo’s air thermometer—glass tube ending in bulb 
full of air. Liquid bead in tube is index. Place is due 
to oak cog and temperature. 

Graduate tube after twice reading barometer and 
thermometer. ae, by calculation, you find gas 
fills 1026 thousandths of space at standard. Suppose 
it next fills 974. Mark place of index each time. Call 
upper 1026 and lower 974. Divide space into 52 ts, 
continuing divisions on tube. Make future scales by 
comparison. 

To correct gas to standard pressure and temperature: 
Multiply by 1000 and divide by reading. 





Example: Jar holds 290°1 c.c. of gas; my scale 
shows 967; find bulk at standard. \ 
. 290100 
Solution : a 300 ¢. ¢. 


P stands for pressure; T, temperature; and B, 
bulk readings in A equations. Barometer and ther- 
mometer have wmilligrade scales of my device, with 
many advantages. Standard point in barometer is 
1000. between absolute zero and melting point 
of ice is divided into 1000° on thermometer. 


P 1000 

) = 

(1) i. B 
; _ 1000T 
(2). _P=-5- 
BP 
(8) and T = 75 


You can use instrument as barometer. 
Example: Thermometer is at 910°8° milligrade ; gas 
scale, 1012; find pressure. Substituting in equation (2) 


1000 x 910°8 
1012 


Example of use as thermometer: Gas scale is at 1100; 
barometer, 930; find temperature. Substituting in (3) 
1100 x 980 


P= = 900 thousandths of standard. 


Four more instruments may have my scale. 

2. Babinet’s , improved. Tube dips into 
colored glycerine in bottle after passing through air- 
tight cork. Blow into bottle, then liquid will rise in 
tube. Babinet used water. I prefer glycerine, whieh 
is neither liable to evaporate nor freeze. 

8. Drebbel’s air thermometer. Tube has bulb fall of 
airat upper end. Lower dips into colored water. 

4. Adie’s sympiesometer. Wide, shut end of tube is 
or of air. Lower part bent up as cup holding gly- 
cerine. 

5. Vidi’s aneroid barometer unexhausted. Thin, cor- 





rugated lid of air-tight box moves hand. 
Strathroy, Ontario, Canada. 
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SCIENTIFIC RECREATIONS. 
KITK PHOTOGRAPHY. 


DuRING the course of the year 1888, we announced 
that a skillful amateur, Mr. Arthur Batut, had con- 
structed at Enlaure a kite provided with a photograph- 
i¢ apparatus by means of which he had obtained some 
very interesting preliminary results. We encouraged | 
the operator to persevere in his experiments, and are | 
glad that we can now make known the important pro- | 
gress that he has made. 

The engraving shows the exact arrangement of the 


ye 














A PHOTOGRAPHIC KITE. 
photographic kite. This latter, which is lozenge shaped, 
is provided with a long tail which gives it perfect stabil- 
ity in the air. The small camera, A, is fixed to the 
wooden rib of the kite by a triangularsupport, D. The 
photographie apparatus is provided with a shutter 
which is actuated by means of a punk slow match, C, 
that sets fire to a thread when the combustion has pro- 
ceeded as far as to the upper part of the match. The 
string to which the kite is attached is connected with 
a trapeze, T, properly arranged, so that the sular rays 
ean enter the objective freely 

A registering aneroid barometer, B, is fixed to the 
upper part of the support, D, so that the operator may 
know the altitude to which the kite has risen above 
the ground. The barometer used by Mr. Batut is very 
ingenious. It constitutes a photographie registering 
apparatus which operates at the same time that the 
camera does. It is inclosed in a light-proof box. An 
aperture, closed by a shutter, is uncovered through the 
buruing of a match at the same time that the photo- 
graphic apparatus operates. At the moment the aper 
ture is uncovered, the luminous rays strike the dial 
and print the shadow of the two needles (mechanism 
and index needles) upon a piece of sensitized paper 
with which the dial is provided 

The shutter of the photographic apparatus is a sim- 
ple “ guillotine” with a square aperture. The wood, 
Which is very light, is actuated by two strong rubber 
bands, and its extremity is covered with parchment, 
which, on entering the grooves, prevents all effects of 
rebounding. The catch of the shutter 
wooden lever fixed in the center by a serew 


iT 


One end 


of this closes the groove through which the shutter is | 


to pass. The other extremity is held by a thread 
which traverses one of the ends of a punk slow match. 
Under this thread the operator places a folded strip of 





enn te 


EXPERIMENT ON 


ELASTICITY OF FLEXION. 


paper. When the fire of the match reaches and burns 
the thread, the lever, vielding to the thrust of the shut 

ter, leaves the groove and the shatter drops. The pa- 
per failing toward the ground at the same time unfolds 
and announces to the operator that he can baul in the 


kite. 
Mr. Batut’s kite is eight feet in length. The photo- 
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recall the form of concave and convex wirrors and 
lenses ; and they will feel obliged to us in their exam- 
inations. Mnemonics is not always a subject to be 
scorned. 

The elongation and shortening of figures is illustrat- 
ed in another of our engravings, in which 1 is a normal 
photographic portrait, 2 the same individual elongated 
by mirror, and 3 the same person shortened by mirror. 


CURIOUS WAY OF CUTTING AN ORANGE. 


One of our Brussels readers, Mr. Bovie, recently sent 
us an orange of which the skin was very curiously cut. 


graphic apparatus weighs thirty-eight ounces, and the 
Steinheil objective with which it is provided is of four 
inch focus, 

ELASTICITY OF FLEXION. 


On a former occasion we described some curious 
methods of cutting apples. On this subject one of our 
readers communicates to us an amusing experiment in 
physics without apparatus that may be classed in the 
chapter on elasticity of flexion. 

Take an apple (Fig. 1) and remove a thin slice from 
| it (Pig. 2), and peel off the skin in such a way as to 

leave it of a certain thickness (Fig. 3). Take care to 
leave a small portion of the stem at the top, and bend 
the fragment in two, as seen in Fig. 4. If the object 
thus prepared be held between the thumb and forefin- 
ger, and the skin be gently squeezed after previously 
raising it atright angles (Fig. 5), theupper part will be 
|} made to jerk back quickly ; and, when the pressure is 
| removed, it will move forward to its prior position by 
virtue of the elasticity developed. When these motions 
| are made to oecur in succession, the skin descends and 
rises after the manner of a hen picking up food. If 
| the skin has been properly cut, and a piece of bread be 
| presented to it, one would imagine he saw a bird peck- 
jing at the latter. 

| This experiment, when it is a success, is very amus- 
jing, especially if care be taken to havea little chat 
| with the hen. It may be made to perform all the mo- 
tions of a hen pecking, drinking, or apparently answer- 
ing yes to questions addressed to it. 


| CONCAVE AND CONVEX MIRRORS. 
| When we began taking a course in physies at the 
Bonaparte (now the Condorcet) Lyceum, it sometimes 
| happened that, in the drawings figured upon the board, 
| we confounded coneave with convex wirrors, and vice 
}versa. Mr. Felix Hemont, who was our professor at 
the time, gave us a mnemonic method of avoiding such 
confusion. ‘“* The concave mirror,” said he, * reealls to 
you the idea of cavity. Think of a man who is bend- 
ing forward and looking in the direction of the coneav- 
ity. His body will assume the form of a concave mir- 
ror. On the contrary, think of a person whom some 
one is vexing. He straightens up, throws his head 
|} back and chest out, and takes the form of a convex 
mirror.” This reminiscence of our youth came back to 
}our mind upon finding at a printseller’s the two amus- 
ing caricatures that we reproduce herewith. The first 

(Fig. 1) represents a solicitor whom an usher is, so to| 

speak, concaving by announcing to him that his re-| Fig. 1, froma photograph, gives the exact appearance 
quest is to be granted. The second (Fig. 2) shows a|of it. The two halves of the orange are held by strips 
solicitor whom one is vexing, and who throws himself! of the eut skin solely. Fig. 2 represents (in their differ- 
back upon hearing the words that dismiss him, the! ent phases, 1, 2, 3, and 4) the operations that must be 
door being closed in his face. We must be pardoned | performed in order to obtain this wonderful result, and 
for giving these bad plays on words; but we are per- | the successive incisions that must be made witha sharp 
suaded that those of our young readers who peruse this | penknife in a fine and smooth-skinned orange. We begin 
will, after seeing the accompanying engravings, always! by making the incisions shown in No. 1, and then, suc- 








Fie. 1.—A CURIOUSLY CUT ORANGE. 
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1. Photo portrait. 2. The same lengthened. 3. The same shortened. 
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.—THE CONVEX SOLICITOR. 


Fie. 1.—THE CONCAVE SOLICITOR, Fie. 
(From two old caricatures.) 











Juty 6, 1889. 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 705. 


11269 








cessively, those in No. 2and No. 3. In measure as the 
strips are cut, they are raised, and finally an incision, 
interrupted at each strip, is nade in the skin all around 
the center of the orange. It is through this incision 
that we must proceed to divide the orange into two 


plane and on the equivalent of “slip,” that is to say, 
on the excess of the angle of actual descent compar 
with the angle of the inclined plane. 

The steady speed would be attained when the weight 
of the bird and the sines of the angle of the plane = 
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Fie. 2.—THE VARIOUS INCISIONS TO BE MADE IN 
THE ORANGE SKIN. 


parts, and this final 
delicate one. 


A CARD CONVERTED INTO A CHAIN. 


It is possible to convert a playing card into a con- | 
tinuous chain about four and a quarter feet in length, | 
and that, too, by means of a penknife and a pair of 
seissors. It is true that the operation is somewhat com- 
plicated, but those of our readers who will proceed ex- 
actly as follows will easily sueceed in performing it. 

Let us take an old playing card, say the seven of | 
spades ; the question is to transform it, without addi- | 
tion to or subtraction from it, so as to give it the form 
of a graceful chain, as seen in the figure. 

The following are the various phases of the opera: | 
tion : 

1. By means of a penknife split the lateral edges, A | 
and B, intwo, toadepth of 008o0f an inch. As the| 
card is made up of several layers of paper, the opera- 
tion will be facilitated by slightly moistening the two | 
edges to be opened. 

2. Turn back to the right and left the edges, A and | 
B, thus separated, and endeavor to obtain a perfectly 
rectilinear fold. 

3. Bend the ecard double in the direction of the 
median line, C D. 

4. By means of scissors slit the ecard according to lines 
at right angles with the fold, C D, and spaced about | 
0-08 of an inch apart. These slits should not extend | 
beyond the folds formed by the turning back of the} 
edges, and the bands thus formed will be about 0°08 of | 
an inch in length. 
5. Spread the card out upon a table and introduce a. | 
knife alternately above and below the bands, so as to 
cut them according to the line formed by the fold at | 
the edges. Do the same for the other side of the card, 
but take care here that the knife passes over the bands | 
under which it had just passed. In this way there will | 
be formed two rectangular interlocked grilles. 

6. Now take the scissors and cut the bands of the 
card in the direction shown by the dotted lines (in the 


operation is certainly the most 











the bird’s air resistance, including skin friction of 
wings—in faet, one might say = simply the skin frie- 
tion of the whole area, for the bird’s lines are fine 
enough to justify this statement, since there is no 
wave-making to be done, and indeed experiment shows 
that the statement is true for ‘‘ fish-formed” bodies 
moving wholly and deeply immersed in water. Of 
course the bird’s angle of actual descent is greater than 
that of the quasi-inclined plane, owing to the equi- 
valent of ‘‘ slip” in the wings, 

Under these simultaneously acting and correlated 
conditions there is of course—or probably—some total 
angle of descent which enables the bird to minimize his 
rate of approach to the earth in still air. 

If when there is a wind the configuration of the 
ground or any other circumstances can produce a local 
ascent of air more rapid than the bird’s minimum rate 
of deseent when soaring in still air, he may continue to 


|soar indefinitely by keeping in the region where the 


air is thus ascending. 

Now, in most cases where one sees birds “ soaring,” 
it is easy to see that they have plainly selected such a 
region, and for a long time I felt confident that the 
only two even apparent exceptions I had encountered 
were such as to prove not to énvalidate the rule. 

One of these exceptions was that once, when the sea 
in Torbay was in astate of glassy calm, I noticed a large 
gull thus soaring at some distance from the shore— 
watching it with a pair of binoculars, so that I was 
sure of the quiescence of the wings. 

But here the riddle was at once solved by the obser- 
vation of what I had not at first noticed—the dark 
trace of the front line of a fresh sea breeze advancing 


| all aeross the bay. 


Such an advance with a definitely marked front, 
encountering an extended body of quiescent air, in- 
volved of course an ascent of air in the region of the 
encounter, and this was where the bird was soaring. 
The other exception was that when at sea I had often 
noticed birds thus soaring near the ship. 

The solution was that, so far as I had then noticed, 
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A CARD CONVERTED INTO A CHAIN. 


block grille). At every section thus made there will be | 
seen to fall a link of the chain that it was a question of 
forming—each link being connected with its two neigh- 
ae and the whole forming a continuous chain.—La@ 
Nature. 


THE SOARING OF BIRDS.* 


So much for sails. Now I want to make some sug- 
gestions, or suggest some queries, as to the skimming 
flight of birds, in reference to which a good deal of 
fresh observation has been possible during the voy- 
age. 

_ You perhaps recollect that when the British Associa- 
tion was at Glasgow, you asked me to put into writing, 
briefly, as a paper for your section, some remarks on this 
subject which I had made to you in conversation, but 
that, owing to my hasty departure to attend the trial 
of H. M. 8. Shah, I omitted to do this. 

_ [had better briefly recite the above particulars here 
1n order to make more clear the bearing of the new ob- 
servations we (I and Tower) have made. 

The view was that when a bird skims or soars on 
quiescent wings, without descending and without loss 
of speed, the action must depend on the cireumstance 
that the bird had fallen in with or selected a region 
where the air was ascending with a sufficient speed. 

In still air, the bird, if at a sufficient height, could 
fontinue to travel with a steady speed, using his ex- 
+ gt Wings as a sort of descending inclined plane, 

1¢ propelling force depending on the angle of the 


oe eee from a letter of the late William Froude to Sir W. Thomson, 
the Praseen 5. 1878, received after Mr. Froude’s death. Reprinted from 
Nat cedings of the Royal Society of Edinburgh, March 19, 1888.— 





the birds always selected a region to leeward of the 
ship, where the eddies created by the rush of air past 
her hull, ete., might readily have created local ascend- 
ing currents. 

The new exceptions we have seen since we have ap- 
proached the Cape entirely set these two solutions at 
defiance. 

The first exception we noticed was in the flight of 
some albatrosses. We were sailing and steaming (at 
low speed, being short of coal), nearly due east in the 
latitude of the Cape, with the wind light and variable 
abaft the beam, and with a well-marked southwest 
swell of about 8 to 9 seconds period, and varying from 
3 or 4 feet to 8 or 9 feet from hollow to crest. The 
speed of such waves would be from 24 to 27 knots. 

Under these conditions the birds seemed to soar 
almost ad libitum both in direction and in speed ; now 
starting aloft with searcely, if any, apparent loss of 
panes ; now skimming along close to the water, with 
the tip of one or other wing almost touching the sur- 
face for long distances, iudeed now and then actually 
touching it. 

The birds were so large that the action could be 
clearly noted by the naked eye even at considerable 
distances; but we also watched them telescopically, 
and assured ourselves of the correctness of our shou 
tions. The action was the more remarkable owing to 
the lightness of the wind, which sometimes barely 
moved our sails, as we traveled only 5 knots before it, 
by help of the screw. - 

After long consideration the only explanation of at 
all a rational kind which presented itseif was the fol- 
lowing, which indeed presents the action of a vera 
causa, and one which was very often certainly in ac- 
cordance with the birds’ visible movements, though 


it was often also impossible either to assert or to deny 


ed|the accordance ; and anyhow the question arises, Is 


the vera causa sufficient? I will try to trace its mea- 
sure. 

When a wave is say of 10 feet in height and say 10 
seconds period (a case near enough to ours to form the 
basis of a quantitative illustration), the length of the 
wave from crest to crest is just 500 feet, the half of 
which space, or 250, the wave of course traverses in 5 
seconds, and assuming the wave to be traveling in a 
calm, it must happen approximately that during the 
lapse of this 5 seconds the air which at the commence- 
ment of the interval a. in the lowest part of the trough 
has been lifted to the level of the crest, or must have 
risen 10 feet, so that its mean speed of ascent has been 
2 feet per second (10 feet in 5 seconds). And since (as is 
well known) the maximum speed of an harmonic io- 


bd 
tion is — times, or nearly 11¢ times its mean speed, it 


follows that along the side of the wave at its mid-height 
the air must approximately be ascending at the rate of 
8 feet per second, and if the bird were so to steer its 
course and regulate its speed as to conserve this posi- 
tion, he would have the advantage of a virtual upward 
air current having that speed. 





A NEW FORM OF REGENERATIVE GAS 
LAMP. 


From the time when Mr. Frederick Siemens firat in- 
troduced regenerative gas burners, now ten years ago, 
down to the present day, this method of burning gas 
for illaminating purposes has been adopted all over the 
world, and has come to the assistance of the’ gas com- 
panies by illustrating the fact that, with proper appli- 
ances, gas can produce the same brilliant effects as are 
ordinarily produced by weans of electricity, at much 
less expense both as regards first cost and working. 
We would explain that in regenerative lamps the heat 
which is usually wasted in ordinary burners is to a! 
great extent returned to the flame. The manner in 
which this result is brought about is by intercepting,\ 
by means of a regenerator, the heat passing away with 
the products of combustion, and applying the heat 
thus saved to raise the temperature of the air which 
feeds the flame, thus increasing the temperature of the 

















latter and its illuminating power ;-for it may be ad 
mitted that the higher the temperature of a body ren- 
dered incandescent by heat, the greater is the propor- 
tion of light rays emitted out of the total amount of 
energy radiated. This being the case, the amount of 
heat carried from such a source of illumivation to the 
surrounding atmosphere by conduction and con- 
vection must be less than in the case of a burner con- 
suming the same quantity of gas burning at a lower 
temperature, which circumstance, combined with the 
well-known economy resulting from the use of these 
burners, accounts to a great extent for the popularity 
which regenerative lamps have attained. 

Mr. Frederick Siemens has lately introduced a new 
form of regenerative gas lamp, which we understand 
is highly efficient, and is in consequence being largely 
adopted ; its construction is shown in the accompany- 
ing diagram. It is known as the Siemens inverted 
type, and is produced in various ornamental designs, 
which have been much admired. After passing 
through the governor, A, and the tap, b, the gas enters 
an annular casing; in the lower portion of this, a 
number of small tubes are fixed, forming the burner, 
from which tubes the gas passes out in separate streams. 
By this means combustion of a very perfect character 
takes place, as the air is directed round each separate 
stream of and thus enabled to combine most inti- 
mately with it. Within the circle of small tubes is a 
trumpet-shaped porcelain tube, d, and around the out- 
side and inside of this the gas burns downward and 
slightly upward, as indicated by arrows, thus produc- 
ing a — powerful flame of beautiful appearance. 
This porcelain tube forms the lower portion of the 
chimney, around which is placed the regenerator. The 
products of combustion, in ing away, heat the re- 





generator by conduction, through the metal of the 
same ; and the air, passing upward and downward be- 
tween its metallic surfaces, as also indicated by arrows 
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in the diagram, carries the heat back to the flame. The|ammonia. The silica is thus eliminated, and we have 
lamp is closed below by a glass globe, which, however, | the fluoride in astrong ammoniacal solution, It is kept 
need not be removed for lighting, as a flash light is pro- | either in a covered platinum crucible or in a stoppered 
vided for that purpose. glass, where it may be left some days without under- 

These lamps are wade of different sizes, with a con-|going any change. If there are in solution at most 
sumption varying from 10 to 40 cubie feet of gas per|some decigrms. of a lithium salt, with quantities of 
hour ; with London gas they give a light of from ten | other alkaline salts not more than ten or fifteen times 
to twelve candles per cubic foot consumed per hour, | greater, the author proceeds as follows: The solution 
which is from four to five times as much as is obtained | is reduced to a few c. c. in a tared platinum capsule, 
with ordinary burners. It would have been easy to ar-| ammonium fluoride is added, and an excess of ammo- 
range the lamp we have just described so as to produce | nia up to 15 to 20 ¢. ¢., according to the quantity of the 
a much higher result than that given above ; but, to salts. It is well mixed and let settle. here is formed 
produce this effect, the air supplying the burner would 


|a white gelatinous precipitate of lithium fluoride, 
lave to be passed through small channels, which would | searcely visible and adhering in part to the bottom of 
be liable to be partly closed up by oxidation, and thus, | the capsule. This is complete by the next morning. 
by reducing the air supply, cause the lamp to smoke, | Almost all the liquid is decanted through a very small 
whereas the Siemens lamp has been specially designed | filter and replaced by a few c. c. of ammonia water 
to provide against this unpleasantness, to which regen-| with ammonium fluoride. It is stirred up with a pla- 
erative gas lauips are more or less liable.— Nature. | tinum spatula and let settle. Soon after a second and 
}a third decantation are made in the same manner and 
the filter is washed with a few drops of the same re- 
jagent. All the soluble alkaline salts are thus removed, 
jand we have, in part on the filter and in part in the 
capsule, all the lithium salt contaminated merely with 
ammonia and ammonium fluoride. 

The volatile matters are expelled by heating very 
gently, the filter is burnt, its ash is treated with a few 
drops of dilute sulphurie acid, and all the liquid is col- 
lected in the tared capsule. It is evaporated and 
gently heated until acid vapors cease to appear, and 
the neutral lithium sulphate is weighed. 

To take account of the solubility of lithium fluoride 
in the ammoniacal liquid we measure the total volume 
of the filtrate, which generally ranges from 30 to 50 c.e. 
We way admit, in accordance with experiments, that 
7 ¢. ¢. of the liquid contain approximately 2 milligrms. 
lithium fluoride, corresponding to 4 miiligrins. lithium 
sulphate or 1 milligrm, lithia. The anantity thus 
calculated is added to that found on weighing.—Buille- 
tin de la Soc. Chimique de Paris; Chem. News. 
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RECALESCENCE OF IRON.* 
By Dr. J, HopKinson, F.R.S. 


PrRoF. BARRETT has observed that, if an iron wire be 
heated to a bright redness and then be allowed to cool, 
this cooling does not go on continuously, but that 
after the wire has sunk toa very dull red it suddenly 
becomes brighter and then continues to cool down. 
He surmised that the temperture at which this occurs 
is the temperature at which the iron ceases to be mag- 
netizable. In repeating Prof. Barrett's experiments | | 
found no dificulty in obtaining the phenomenon with 
hard steel wire, but I failed to observe it in the case of 
soft iron wire or in the case of manganese steel wire. 

It appeared to be of interest to determine the actual 
temperature at which the phenomenon occurred and 
also the amount of heat which was liberated. Although 
other explanations of the phenomenon have been of- 
fered, there can never, I think, have been much doubt 
that it was due to the liberation of heat owing to some 
change in the material, and not due to any change in 
the conductivity or emissive power. My method of 
experiment was exceedingly simple. I took a cylinder 
of hard steel 63 centimeters long and 5'1 centimeters 
diameter, cut a groove in it, and wrapped in the groove 
a copper wire insulated with asbestos. 

The cylinder was wrapped in a large number of cov- 
erings of asbestos paper to retard its cooling; the 
whole was then heated to a bright redness in a gas fur 
nace, was taken from the furnace and allowed to cool 
in the open air, the resistance of the copper wire being 
from time to time observed, The result is plotted in 
the accompanying curve, in which the ordinates are 
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the logarithms of the increments of resistance above 
the resistance at the temperature of the room, and the 
abscisse are the times. If the specific heat of the 
material were constant and the rate of loss of heat were |ings in perspective and in color are given, together 
proportional to the excess of temperature, the curve | with full Plans, Specifications, Costs, Bills of Estimate, 
would be a straight line. It will be observed that be-| and Sheets of Details. 
low a certain point this is very nearly the case, but that No other building paper contains so many plang, 
there is a remarkable wave in the curve. The tempera- | details, and specifications regularly presented as the 
ture was observed to be falling rapidly, then to be sud- | ScrgnTIFIC AMERICAN. Hundreds of dwellings have 
denly retarded, next to increase, then again to fall. | already been erected on the various plans we have 
The temperature reached in the first descent was 680° C. | issued during the past year, and many others are in 
The temperature to which the iron subsequently as-| process of construction. 
cends is 712°C. The temperature at which another Architects, Builders, and Owners will find this work 
sample of hard steel ceased to be magnetic, determined | valuable in furnishing fresh and useful suggestions. 
in the same way by the resistance of a copper coil, was | All who contemplate building or improving homes, or 
found to be 690° C. This shows that within the limits | erecting structures of any kind, have before them in 
of errors of observation the temperature of recalescence | this work an almost endless series of the latest and best 
is that at which the material ceases to be magnetic. | examples from which to make selections, thus saving 
This curve gives the material for determining the quan- | time and money. 
tity of heat liberated. The dotted lines in the curve Many other subjects, including Sewerage, Piping, 
show the continuation of the first and second parts of | Lighting, Warming, Ventilating, Decorating, Laying 
the curve; the horizontal distance between these ap-|out of Grounds, ete., are illustrated. An extensive 
proximately represents the time during which the ma- | Compendium of Manufacturers’ Announcements is also 
terial was giving out heat without fall of temperature. | given, in which the most reliable and approved Build- 
After the bend in the curve the temperature is falling | ing Materials, Goods, Machines, Tools, and Appliances 
at the rate of 021°C. persecond. The distance between | are described and illustrated, with addresses of the 
the two curves is 810 seconds. It follows that the heat | makers, ete. . 
liberated in recalescence of this sample is 173 times the | The fullness, richness, cheapness, and convenience of 
heat liberated when the iron falis in temperature 1° C. | this work have won for it the Largest Circulation 
With the same sample I have also observed an ascend- | of any Architectural publication in the world 
ing curve of temperature. There is in this case no re- A Catalogue of valuable books on Architecture, 
duction of temperature at the point of recalescence, | Building, Carpentry, Masonry, Heating, Warming, 
Lighting, Ventilation, and all branches of industry 


but there is a very substantial reduction in the rate at 
which the temperature rises.— Hlectrician. | pertaining to the ait of Building, is supplied free of 
= charge, sent to any address. 
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DETERMINING LITHIA, 
By A. CARNOT. 





Tus presence of lithia has been recognized in a con- 
siderable number of mineral waters, especially in those 
rich in alkaline chlorides and carbonates. The meth- 
ods used to effect its determination leave much to be 
desired, some op account of their inaccuracy and | 
others on account of the complication and length of 
the analytical operations. The spectroscope furnishes 
most valuable indications for the qualitative detection 
of lithia on aceount of the extreme sensitiveness of the 
reaction, but a comparison of the intensity of the spec- | 
tral rays gives only a doubtful approximation as to the lenced architects. Full plans, details, and specifica- 
proportion of the metal, especially when it exceeds a tions for the various buildings illustrated in this paper 
few milligrmes. per liter. 5 | ean be supplied. 

The reagent which the author employs is ammonium | Those who contemplate building, or who wish to 
fluoride. It is found in commerce, but it requires to|ajter, improve, extend, or add to existing buildings, 
be purified, as it contains silico-fluoride in considerable | whether wings. porches, bay windows. or attic rooms. 
quantity. For this purpose a few grms. of the salt are| are invited to communicate with the undersigned, 
dissolved in a small volume of water, a double volume | Our work extends to all parts of the country. Esti- 
of ammonia is added, the mixture is heated to a boil| ates, plans, and drawings promptly prepared. Terms 
for a few seconds, let cool, filtered, and washed with | moderate. Address 
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Building Plans and Specifications. 


In connection with the publication of the BUILDING 
EDITION of the SCIENTIFIC AMERICAN, Messrs. Munn 
& Co. furnish plans and specifications for buildings 
of every kind, including Churches, Schools, Stores, 
Dwellings, Carriage Houses, Barns, ete. 

In this work they are assisted by able and experi- 


* Paper read before the Royal Society, March 14, 1889. 
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